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pending in the application. Claims 1, 3, 4, 5, 6, 8, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 
22, 23 T 24, 25, 27, 30, 31, 32, 33. 35, 36, 37. 40, 41, 42, 43, 47, 48, and 49 have been 
amended. No new matter has been added by amendment. Reexamination and 
reconsideration of the claims as amended are respectfully requested. 

CLAIM OBJECTIONS 

2) Examiner objects to claims 8 and 27 under 37 CFR 1.75(c) as being in 
imnmnpr fnrm hpnausa a multiole dependent claim should only refer to other claims in 

hii^iv^vi mini — — - r ■ 

the alternative. Claims 8 and 27 have been amended and no longer refer to two claims. 
The amendments place claims 8 and 27 in proper form. 

REJECTIONS ■ DOUBLE PATENTING 

3) Examiner rejects claims 1-49 under the 'doctrine of obviousness-type double 
patenting as being unpatentable over claims 1-27 of U.S. Patent No. 6,137,036 ('036)." 
Applicant traverses the rejection. Examiner states, 11 Although the conflicting claims are 
not identical, they are not patentably distinct from each other because they both appear 
to be drawn to the same maize seeds, plants, plant parts and methods. The instantly 
claimed plants and the patented plants have different designations. The designation 
! PH5TG' of the instantly claimed cultivar is arbitrarily assigned, and does not provide any 
patentable distinction from the cultivar claimed in '036, PH2VK. Any differences 
between PH5TG and PH2VK are due to minor morphological variations that do not 
confer patentable distinction/' Applicant points out that the designation "PH5TG B of the 

with the ATCC and the specification and the appropriate claims have been amended to 
include the ATCC deposit number. Applicant also points out that the differences 
between PH5TG and PH2VK are not "minor morphological variations". On page 17, 
lines 3-12 of the specification it states that hybrids made with PH5TG have a relative 
maturity of approximately 90 days. In column 10, line 65 to column 1 1 , line 3 of the '036 
patent it states that hybrids made with PH2VK have a relative matunty of approximately 
114 days. Other differences are taken from Table 1 of the specification, pages 18-20, 
and Table 1 of the '036 patent, columns 11-15 and are listed tn the following tabie. 
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PH5TG 


OUIIV fit 


67 days from emergence to 50% plants in $iik 


76 days from emergence to 50% plants in silk 


67 days from emergence to 50% plants in pollen 


76 days from emergence to 50% plants in pollen 


1 T3i» unito f**t*A AKViArriori try mi 0 /. nlant<l in lilk 

1 ^ i_ , ;>jui UHiLu hwiii <,iiiv'3v' • t v ^ w ■' - **■ — ■>■ — ■■■ ■ 


1 ,495 heat units from emergence to 50% plants in silk j 


1.227 heat units from emergence to 50% plants in pollen 


1,481 heat units from emergence to 50% plants in poilen 


191 cm =» plant height 


236 = plant height 


66 cm = ear height 


82 cm = plant height 


Anther color is purple 


Anther color is pmk 


Silk color is red 


Silk color i$ light green 


j 5 = Common rust resistance score 


\ 7 ~ Common rust resistance score 


j 7 = Fusarhjm ear and kernel rot score 

i,,, . v, 


, 4 = Fusariurn ear and kernel rot score 


j 4 = Stay green score 


6 = Stay green score 

■ 


5,321 Kg/ha yield 


4,559 Kg/ha yield 



tu„ +Ua mm nm nnt avhQiicti\/^ Knt thew rm/A amnlp ftvidfinne that the 

inventions are not the same. Nor are they minor variations of each other. 

Examiner goes on to state that, "The instantly claimed plants that are derived 
from crosses and breeding programs involving PH5TG or plants having the same 
morphological and physiological characteristics of PH5TG, and plants produced by 
genetic transformation of PH5TG, are not patentably distinct from the patented plants 
that are derived from crosses and breeding programs involving PH2VK or plants having 
the same morphological and physiological characteristics of PH2VK, and plants 
produced by genetic transformation of PH2VK." Applicant respectfully disagrees with 
the Examiner. Applicant submits that PH5TG is clearly differentiated from PH2VK. One 
would not be able to obtain PH5TG through modification of the maize inbred taught in 
patent '036 because PH5TG comprises a unique and nonobvious combination of 
previously unknown and nonobvious genetics. Further, plants derived from PH5TG are 

not possible that the claimed plants derived rrom kmoiu couia nave oeen pjguuueu 
without the use of PH5TG. In particular, PH2VK could not be substituted as the starting 
materia! to produce the claimed plants derived from PH5TG, For example, a plant that 
is one cross away from PH5TG would retain, on average, 50% of its genetic contribution 
from PH5TG. These genetics would comprise linkage groups and polymorphisms 
unique to PH5TG, as it would be impossible to completely remove the contribution of 
PH5TG to its progeny within one breeding cycle. 

Examiner goes on to state that, "The instantly claimed methods are also not 
patentably distinct from the patented methods, as the plants used in the methods are 

9 
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not patentably distinct, and Involve the same steps." Applicant points out that the use of 
the unique invention PH5TG in the breeding process is, in itself, an improvement of the 
breedina process. The Applicant has assembled a unique combination of genetics in 
PH5TG that benefits those using PH5TG as starting material in a breeding program. 

Examiner goes on to state that, "The claims of '036 include a method of 
producing a maize plant comprising crossing a maize plant, having all the morphological 
and physiological characteristics of PH2VK wherein the plant has been transformed with 
a transgene, with a non-transformed plant of line PH2VK, Note that plants produced by 
crossing a transformed PH2VK plant with a non-transformed PH2VK plant are PH2VK 

plan Li? Willi a iingte yene wl/i ivci Sivn. jjcblcml lobUmy hvni un- n^iam ^^^ t ,^a^^ji . w^v,,^ 

men enectiveiy extena trie term of trie cia/ni^ ut uoq. r^pii^am pumw yuL mai mviy 
and PH2VK ar* not the samp invention nor is PH5TG a minor derivation of PH2VK. 
Applicant Turtner points oul mat rno i o is nut a rri^vr\ pj^i u oumpi i^my « amyn? y<=i ic 
conversion. Please see evidence of such, stated above. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 due to double patenting or provide 
some clear evidence to establish why PH5TG would have been obvious over PH2VK. 
See In re Kaplan, 789 F. 2d 1580,229 U.S.P.Q. 683. 

REJECTIONS UNDER 35 U.S.C. § 112, SECOND PARAGRAPH 

4) Examiner rejects claims 1-49 under 35 U.S.C, 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Examiner states that, "The recitation 'PH5TG' in claims 1, 6, 12, 14, 21, 25, 31, 



Since tne name rnoiu is not Known in tne an, me use oi saig name uues> uul veiny 
art-recognized limitations as to the specific or essential characteristics that are 
associated with that denomination. .. Amending claims 1, 6, 21, 25 : 37, and 40 to 
include recite the ATCC deposit number in which seed of corn inbred line PH5TG has 
been deposited would overcome the rejection/ Claims 1, 6, 21, 25, 37, and 40 have 
been so amended by deleting the blank spaces and inserting the ATCC deposit number. 
The specification has also been amended to include the terms of the deposit for 
PH5TG. A copy of the ATCC deposit receipt is included in this response. These 
actions obviate the rejection. 
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Examiner states that, u !n claims 14, 33 f 41, 45, and 46; the terms 'high; Very 
good,' and 'fast' are relative terms that have no definite meaning ... Applicant has 
amended claims 33 and 41 in part by removing such terms as indicated by the 
Examiner Claims 45 and 46 have been deleted Applicant has amended claim 14 to 
read, 11 A maize plant, or parts thereof, wherein at least one ancestor of said maize plant 
is the maize plant of claim 2, said maize plant expressing a combination of at least two 
PH5TG traits which are not significantly different from PH5TG traits when determined at 
the 5% significance level and when grown in the same environmental conditions, said 
PH5TG traits selected from the group consisting of: a relative maturity of 90 based on 
the Comparative Relative Maturity Rating System for harvest moisture of grain, yield, 

horwjae-t mrtier+i ipci rvf nrqin oorlw n rmArth c^ACtif' nmm/inn HonroQ i tnite +<n ^n% rtrtllon chflH 

and growing degree units to 50% silk emergence; and wherein said at least two PH5TG 

trqitc wi&ra rtrtt avhihitorl H\i r\f hor nlnnte M+ilry&W in tho rla\/olnnmcint nf cofH m^ivo nl*ant " 

II UILt} KLilkj tlUt, \_» Al I | IV | V W< **^JF Wl> l^-rl ^lUllkW U4.I < ^ V P'f SI | V WUIUyillOl IL Ul I-FUIU ■ L ■ ^fUllLi 

Applicant points out that claim 14 has been amended to clearly define the traits of 
PH5TG that could be found in a maize plant produced from PH5TG. Applicant has 
amended the claim using the term "not significantly different from PH5TG traits when 
determined at a 5% significance level ..." as a definitive term. In the specification pages 
38-51, the tables show mean trait values. The standards against which the listed traits 
should be compared are the mean values for those traits exhibited by PH5TG or a 
maize plant produced from PH5TG in a side-by-side comparison or under other similar 
environmental conditions. For example, on page 36 lines 2-4 of the specification it 
discusses that inbred PH5TG had significantly higher yields and significantly better early 
growth scores than inbred PHRE1, The Applicant would also like to point out that one of 
ordinary skill in the art of plant breeding would know how to evaluate the traits of two 

inhraH m^i^o lin<=>Q tn r|pt«rmino if then/ aro nnt cinnifirantlv Hifferpnt tn a ^innifiranrNa 

I s_r V \_r ■ ill i| |V V«OiJIO< I Ul «.J LJI V l^l I LI UK< v w' I I ^"UI^K^^J r u> « w I < I i i n iwyiy s^i/^^ y mn i ui 

Development (1987) Fehr writes "Two or more independent comparisons of lines in a 
test provide a means of estimating whether variation in performance among lines is due 
to differences in genetic potential or to environmental variation." A copy of Fehr, pages 
261-286, is attached to this Amendment and Request for Reconsideration as Appendix 
A, As was done by the Applicant in the specification, mean trait values would be used 
to determine whether the trait differences are significant. Further, the claims, as 
amended, require that the traits be measured on plants grown in the same 
environmental conditions. These amendments obviate the rejection. 

u 
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Examiner states that, "In claims 16 and 35; the claims are indefinite for improper 
antecedent basis. The claims indicate that they are directed to the corn plant breeding 
program of claims 15 and 35, respectively. However, claims 15 and 35 are directed to 
methods not programs, it is suggested that the recitation 'corn plant breeding program' 
in line 1 of claims 16 and 35 be replaced with --method-." Claims 16 and 35 have been 
so amended thus obviating the rejection. 

Examiner states that, "In claims 19, 20, 48, and 49: the claims are indefinite for 
improper antecedent basis. The claims indicate that they are directed to the single gene 
conversion(s) of claims 18 or 47. However, claims 18 and 47 are directed to maize 
plants, " Applicant has amended claims 19 and 20 that depend from claim 18 and 

dairns AR anrl AQ that Hc*nonH frnm Halm Al thijc rihv/iatinri tho roiantinn 

Applicant point out that cfaims 4 and 23 have been amended to delete the 

wnrri^ 11 nf rpnpnprablA r and nniw rv»ar1 "A ttCQiiP rnlttiro r\f rallc frnm thA ntant nf rl^im 9 

[21]." These amendments were made for clarification purposes. 

Applicant points out that claims 5 and 24 have been amended to delete the word 
"the" and inserted the words "of the tissue culture". These amendments were made for 
clarification purposes. Claims 11, 12, 13, 31, and 32 have also been amended for 
clarification purposes, 

REJECTIONS UNDER 35 U.S.C. § 112, FIRST PARAGRAPH 

5) Examiner states that, "Claims 3, 9-14, 17-20. 22, 28^33, 36-39, 41-49 are 
rejected under 35 U.S.C.112, first paragraph, as containing subject matter which was 
not described in the specification in such a way as to reasonably convey to one skilled in 
the relevant art that the inventor(s), at the time the application was filed, had possession 



specification does not describe PH5TG as being male sterile. The specification 
discusses how plants may be manipulated to be male sterile (page 2, line 21 to page 3, 
line 14). However, the morphological and physiological description of plant PH5TG 
described in the specification does not indicate that it is male sterile." Applicant points 
out that the specification describes how plants may be manipulated to be male sterile, 
not only on page 2, line 21 to page 3, line 14, but also on page 2, line 1 -10; and in the 
section Further Embodiments of the Invention , page 21 lines 32-34, On page 21, lines 
32-34, it states, "It should be understood that the inbred can, through routine 



nf thp Haim^H im/^ntinn 
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manipulation of cytoplasmic or other factors, be produced in a male-sterile form. Such 
embodiments are also contemplated within the scope of the present claims." On page 
2, line 1, the specification reads, "There are several options for controlling male fertility 
avaiiabie to breeders, such as: manual or mechanical emasculation (or detasseling), 
cytoplasmic male sterility, genetic male sterility, gametocides and the like. 71 The 
specification goes on to give examples and references. These processes are known to 
one of ordinary skill in the art and are routine manipulations to inbred PH5TG. Claims 3 
and claim 22 have been amended and now read, "The plant of claim 2 (21), wherein 
said plant has been manipulated to be male sterile." The foregoing arguments and the 
amendments to claims 3 and 22 obviate the Exam iner's reiection to claims 3 and TP . 
The Examiner alsn catpnnrirallw n=»i<=»rtc nmrjnrt ^hime an^/M-n^a 

modification of PH5TG 1 no matter how minor the modification or routine the modification 
is for a breeder of ordinary skill in the art to make. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20 ; 000 lines are 
created and screened in order to develop any maize inbred line for which Applicant files 
a patent application. Once developed, the inbred line is useful for two purposes: (1) to 
make commercial hybrids, and (2) as a source of breeding material for the development 
of new inbreds that retain its desired characteristics. A breeder desiring to make a line 
with similar traits to PH5TG would be greatly advantaged by being able to use PH5TG 
as starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH5TG, can be maintained in the progeny of PH5TG by a 
breeder of ordinary skill in the art. For example, if a breeder of ordinary skill in the art 
desired an early maturity version of PH5TG, the breeder could cross PH5TG to an 
earlier maturina varietv. select for nronenv with at t*a«st twn H&eiroH pi-ism th-+ 

I J J 1 — — w w . v w*lt 1^ ■ W I t.tiW LIUIIU w I I I 1^ I | |LJ| t I CU 

with early maturity. Optionally, the breeder could backcross to PH5TG to obtain further 
genetic contribution from PH5TG. The end result is the development of an inbred line 
with substantially all of the benefit of Applicant's work but with only a fraction of the 
effort. 

Specifically, in rejecting the claims for lack of written description, the Examiner 
states, "The specification also does not describe the plants that can be produced by the 
corn breeding programs, transgenic PH5TG plants, PH5TG plants comprising single 
gene conversion(s), or by crosses wherein at least one ancestor is the corn variety 

(3 
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PH5TG, other than PH5TG/PH3PV. The morphological and physiological traits of the 
corn plants that are crossed with PH5TG, and with progeny of that cross, are unknown, 
and the description of progeny and descendants of corn plant PH5TG are unknown. 
The description of PH5TG is not indicative of the description of plants and seed 
produced by the breeding programs and crosses, or any of its descendents. The 
claimed invention also encompasses plants that express at least two 'PH5TG traits' 
listed in claims 14, 33, 41, 45, and 46, However, to say that a pfant expresses two traits 
of another plant is not sufficient information to describe that plant, as numerous corn 
plants express at least two of the same traits as those expressed by PH5TG, Two plant 
traits do not provide any description of the other traits of the plant. It is possible that the 
claimed plants inherited the aenes nnvftrnina th 

•-J J - ■ - — . w»» w >• %ni\w ll vill Ml' V«' '%^\^^ IV I W^lltpl t, I I CI I I 

plant PH5TG. For, example, Segebart (U.S. Patent No. 6,137,036) describes a corn 
plant, designated 'PH2VK.' which has at least fwn traits in fnmmAn uwith Pf-mTrt 'ki^k 

f -— — '- - — — "1 — - k 7 . w a ■ v-i i v-v I » t *-W *W * ■ « » » * *y* * » ' V ■ V I I I ■ I U J IlJ j | j 1 y j J 

yields' and Very good seedling vigor' average resistance to Go$$' Wilt and above 
average cold test, for example (col. 10, line 65 to col. 1 1 , line 11). The instantly claimed 
corn plants could have PH2VK as an ancestor, as well as PH5TG, in which the high 
yield and seedling vigor traits, for example, could have been inherited from PH2VK. The 
claims also encompass plants that do not have to express any of the traits that are 
expressed by PH5TG." 

Applicant notes that Examiner's comments represent an abrupt and 
undocumented change of patent office policy. In numerous previous cases involving the 
protection of germplasm and progeny claims, including cases allowed after the recently 
adopted written description guidelines, the listing of traits was previously required bv the 
patent office as a way to meet the written description requirement with respect to 
progeny. One reason for usina traits as a means of Hef^rintirm ic hp^nco i+ 



If it was possible to sequence the genome of a variety, PH5TG could be 
described and compared to the prior art to identify its unique genetic sequences and 
sequence combinations, and presumably, claims to progeny retaining those unique 
genetic aspects would be allowed by the patent office. This would be analagous to the 
way claims are examined for individual short genetic sequences and claims allowed for 
any plant comprising a specific transgene. Applicant asserts that the fact that 
technological toois do not exist to fully describe the unique characteristics of the full 
genome of PH5TG does not make the progeny lines derived therefrom any less entitled 
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to adequate patent protection. It is the purpose of the patent law to protect new and 
useful processes, compositions of matter and improvements thereof. 35USC 101 . 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 1382. 
!n that case the Examiner desned thai Tanksiey ciaim according to sequence data to 
"better characterize the cDNA clones 1 ' and "facilitate a complete search of the prior art" 
and issued a 112 first paragraph written description rejection. The Board held that "the 
section 112 rejection amounts to a requirement... that the appellants amend their claims 
in a specified manner... We find no language in the statute or case law which would 
support that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "in our judgement, a patent 
applicant is entitled to a reasonable degree of latitude in complying with the second 
paragraph of 35 U.S.C. 112 and the examiner may not dictate the literal terms of the 
claims for the stated purpose of facilitating a search of the prior art. Stated another way, 
a patent applicant must comply with 35 U.S.C. 112, second paragraph, but just how the 
applicant does so, within reason, is within applicant's discretion " Id. at 1386. 

Applicant has amended claims 17, 33 and 36 to limit the progeny covered to 
those within a pedigree distance of two crosses away from PH5TG Claim 41 is limited 
to one cross away from PH5TG by virtue of dependency. Within the plant breeding arts 
breeders use pedigree as a means to characterize lines in reference to their progenitors, 
To those of ordinary skill in the art, this indicates that a line fewer crosses away from a 
starting line will be, as a whole, more highly related to the starting line. Thus, the work 
of the original breeder in developing the starting line will be retained in the closely 
related progeny. More specifically, traits and linkage groups present in PH5TG will be 
retained in progeny that are within 2 outcrosses from PH5TG. Applicant submits that 
characterization of the progeny of PH5TG bv virtue of their filial relatinnshin k HmHv 



use in their breeding programs, but it is standard practice within the plant breeding 
industry for licensor's of inbred maize lines to retain a royalty from lines developed 
through the use of their inbreds. Those royalties are, in almost all cases, based on the 
filial relationship between the licensed inbred used in breeding and the progeny line 
commercialized. This provides evidence that those of ordinary skill in the art of plant 
breeding describe progeny in terms of pedigree. 

Applicant also notes that the mere fact that ihe progeny have not been created 
does not prevent them from being patented. As stated in MPEP 2163 (3) (a), "An 



15 



Received from < 515 334 6883 > at 10128102 3:41:01 PM [Eastern Standard Time] 




10/28/02 MOX 15 : 45 FAX 515 334 6883 PIONEER HI -BRED DSM ^ 



SN:09/759,749 



invention may be complete and ready for patenting before it has actually been reduced 
to practice." As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all its 

[imitation^: iicinn oi </- k s~is^r* ^^^i.:. . _ 

s ou "" """fuve 1 1 irans as woras, structures, figures, diagrams, and 

formulas that fully set forth the claimed invention. Possession may be shown in a 
variety of ways, including...by describing distinguishing identifying characteristics 
sufficient to show that the applicant was in possession of the claimed invention » 1255 
Official Gazette 140 (Feb. 5, 2002). Pedigree, which is a formula used by plant 
breeders, is a distinguishing identifying characteristic in compliance with the written 
description guidelines. Further, the Examiner must evaluate written deserto^n s- th* 

claimed invention with all of its limitations innlnHinn th« limiw;^ ^ , ■ 

. . ^ L ,,^ miimHMi utuny uenvea Trom 

PH5TG. 

PHSTG-derived proqenv are describpH hv tho f-^t +iw duct^ ^ . . - 

- i«wL uiol riuiy is uuuzea in a 

breeding program to make the PH5TG-derived progeny, PH5TG gives genetic 
contnbution to the PHSTG-derived progeny, and the genetics of PH5TG are described 
by ATCC deposit of PH5TG seed. By limiting the progeny to 2 or less crosses away 
from PH5TG, the Examiner's concern that the progeny may be only distantly related to 
PH5TG is addressed. In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the 
Federal Circuit, 63 USPQ 2d 1609, the court reversed its phor decision regarding the 
insufficiency of the deposited genetic probes to meet the wntten description 
requirement. In so holding, the court stated, » As the deposited sequences are about 

850, 8500, and 1300 nucleotides long there are at least hundreds of subsequences 

of the deposited sequences, an unknown number of which might also meet the claimed 
hybridization ratio. Moreover, Enzo's expert, Dr. Wetmur, stated that 'astronomical' 
numbers of mutated variation* nf tho h 



■ « futuMi k> I y_/ r'j I 



■ u ^.cm, s^upe is necessary to adequately protect 
Enzo's invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of Enzo's 
invention. The defendants assert that such breadth is fatal to the adequacy of the 
written description. On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that vanous 
subsequences, mutations, and mixtures of those sequences are also described to one 
of skill in the art. We regard that question as an issue of fact. . . ." 



1019 



16 



Received from < 515 334 6883 > at 10/28102 3:41:01 PM [Eastern Standard Time] 



• # 

10/28/02 MON 15:45 FAX 515 334 6883 PIONEER HI-BRED DSM W @]020 



SN 09/759.749 



me issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art would 
know if PH5TG were utilized in a breeding program by looking at the breeding records 
»M Vlu .uru »»uuiu aiiukv ii a (jiuyeiiy wtiiti uenveu irom ^hs i l>. KH5 1 (J is a unique 
inbred, as evidenced by the morphological and physiological traits given in Table 1 
pages 18-20, of the application. Routinely used molecular techniques, discussed on 
page 16, line 8, through page 17, line 2, of the Application, can be used to verify 
whether PH5TG is within the pedigree of a line. 

Applicant would also like to emphasize that PH5TG cannot be derived through 
any other means then through PH5TG seed and plant, nor can the influence of PH5TG 
on the progeny be removed from a line within 2 outcrosses of PH5TG This fact also 
highlights the different perspective between the Examiner and the Applicant regarding 
the scope of the claims. The Examiner believes the claims to oroaeny to ha nf ar**t 
breadth. However, to view these claims as being of great breadth merely because a 
large number of plants could theoretically fafl within its scope ignores an essential 
limitation of the claim; that only a plant developed through the use of PH5TG is within 
the scope of the claim. Such a plant could not be independently denved without the 
use of PH5TG, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH5TG. A breeder infringing such a claim must have made a conscious 
choice to use PH5TG in order to obtain some or all of PHSTG's desired characteristics. 
Compliance with the written description requirement is essentially a fact based inquiry 
that will "necessarily vary depending on the nature of the invention claimed." Vas-Cath 
v. Mahurkar, 935 F. 2d 1555 (citing In re DiLeone, 436 F2d. 1404, 1405). Thus, the 
compliance with the written description requirement must be judged in view of this 
limited scope of the progeny claims. As amended, the claims are drawn to onlv a limited 

have existed. This is in harmony with the statement in section 2163 of the MPEP that 
"the written description requirement promotes the progress of the useful arts by 
ensuring inventions are adequately described in the specification in exchange for the 
right to exclude." That quid pro quo of patent law has been met by the Applicant in the 
present case, and to use wntten description to deny adequate patent protection would 
be contrary to the stated purpose of the written description requirement. 

, ^ K „s,«iu ^..jlS uui men, tv vveiujme int; examiners rejection, claim 14 has 
been amended in a different manner. The Examiner has expressed concern that the 

1 7 
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PH5TG traits retained by the progeny may be derived from the non-PH5TG side of the 
pedigree. To address this concern, Applicant has amended claim 14 to specify that the 
"at least two PH5TG traits" were not exhibited by other plants utilized in the development 
of said maize piani. 

In addition to the progeny claims, the Examiner issued additional written 
description rejections under 35 U.S.C.112, first paragraph as follows: " The description 
of the PH5TG/PH3PV hybrid also does not provide any information concerning the 
description of any other hybrids." It is well known to anyone skilled in the art that a 
hybrid has a genome with one set of the alleles from each inbred. Thus the F1 hybrid 
claimed contains essentially all of the alleles of PH5TG. Therefore the genetic profile 
exhibited in the deposit would be exhibited in the hybrid. The genetic profile of the other 
plant used to make the hybrid would also be present because an F1 contains one set of 

chromosomes from each Darent As stated in the snenifinatinn nn nan? 1fi lin** FL91 

, . . _ ._ _ ( .. _.. j a „ ,_ t ... ~ _ . , 

there are many laboratory based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms (RFLPs) 
and Simple Sequence Repeats (SSRs). Such techniques have been known for some 
time and may be used to identify whether or not PH5TG was used to develop a hybrid. 
Applicant also submits to the Examiner the journal article by Berry et al. (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR data 
when neither parent is known. A copy of article by Berry et el, is attached to this 
Amendment and Reque$t for Reconsideration as Appendix B. The results of the 
experiment showed that using 100 SSR loci markers resulted in correct parental ranking 
of inbreds for 53 out of 54 hybrids. Applicant also points out that any breeder of 
ordinary skill in the art will know the identity of both parents used to produce a hybrid. 

Applicant notes that a claim to the F1 hvbrid made with a deposited inhred was 



J.EM Ag. Supply, Inc. v. Pioneer Hi-Bred Int'l, Inc., 60 USPQ 2d 1865,1873 (S.Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an inbred plant line protects 
the line as well as all hybrids produced by crossing that inbred with another plant line." 

The Examiner goes on to reject claims to PH5TG plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. The 
Examiner states. Transgenes may also be of any gene, including those that effect more 
than one trait. The morphoiogicai and physioiogicai characteristics of any such plant are 
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not described. For example, a transgene that is a transcription factor can effect more 
than just one gene, and multiple traits/' 

Applicant notes examples of traits and single gene conversions are given in the 
specification, page 21 lines 16-31 , and page 22, line 34, thru page 33, line 4. Even if 
more than one trait is affected by the transgene, the genetics of PH5TG will be only 
minimally affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits, the Applicant points out that they are not 
claiming so broadly as to claim any maize plant, regardless of source, comprising those 
traits. Applicant is claiming PH5TG, or a limited set of plants derived therefrom, that 
retain significant features of PH5TG. Applicant has made an enabling deposit of 

pro quo for the teaching in the specification and the deposit of the material. The 

i^^^r+iy-ii-i **vf Ana z\ flipnc in+A ^ nftnnmQ that ic od+irnat&H tn h ^u<=» fW£»r ^0 DflO in 

1 1 IDC/I L|\J I I V t U>l L^r Ul W I ^ *V ^CIIWO 1 1 I W u vj\_.iivyiim* 1,1 tut. ■ w wkinli'^ij i.« — t — "~ 

80,000 genes (Xiaowu, Gai et al., Nucleic Acids Research, 2000, Vol. 28, No. 1 . 94-96) 
is a minor change to PH5TG and will not prevent one of skill in the art from identifying 
the plant as PH5TG. In addition, to expedite prosecution, Applicant has amended 
claims 30 and 47. They now include the limitation that the maize plant, or parts thereof, 
are essentially unchanged from the corresponding plant, or parts thereof, of inbred line 
PH5TG. 

Lastly, the Examiner has rejected certain method claims under written 
description. Applicant points out that the methods are fully described, as is the starting 
material in the method, PH5TG. One of ordinary skill in the art would know how to cross 
PH5TG to develop an F1 hybrid and also how to self plants derived from crosses with 
PH5TG for the purpose of developing an inbred plant. In Ex parte Parks, 30 USPQ 2d 
h -)^a /d d a i iqo/i\ fho Pnarri nf Annpak Q^tfSfH "Artennate Hp£rrintir>n under the first 

Rather, it is sufficient if the originally-filed disclosure would have conveyed to one having 
ordinary skill in the art that an appellant had possession of the concept of what is 
claimed." In J.EM. Ag. Supply, the Supreme Court also acknowledged the value of a 
utility patent in protecting the use of the line in breeding, when it stated that, "...a 
breeder can use a plant that is protected by PVP certificate to 'develop' a new inbred 
line while he cannot use a plant patented under §101 for such a purpose." Id. at 1873. 
In light of the amendments to the claims and the foregoing arguments the Applicant 
requests reconsideration of the rejection under the first paragraph of 35 U.S.C. 112. 
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REJECTIONS UNDER 35 U,S.C. § 112, FIRST PARAGRAPH 

6) Examiner rejects claims 1-49 under 35 U.S.C. 112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as 
to enable one of skill in the art to which it pertains, or with which it is most neariv 
connected, to make and/or use the invention. 

Claims l t 6, 21, 25, 37, and 40 have been amended by deleting the blank 
spaces and inserting the ATCC deposit number. The specification has also been 
amended to include the terms of the deposit for PH5TG. A copy of the ATCC deposit 
receipt is included in this response. In light of the amendments to the claims and the 
specification the Applicant requests reconsideration of the rejection under the first 
paragraph of 35 U.S.C, 112, 



REJECTIONS UNDER 35 U.S.C. § 102 and 103 

7) Examiner states that, 'Claims 1-49 are rejected under 35 U.S,C. 102(e) as 
anticipated by or in the alternative, under 35 U.S.C. 103(a) as obvious over Segebart 
(U.S. Patent No. 6,137,036). " 

The Examiner goes on to state, "Segebart teaches seed of an inbred maize line 
designated 'PH2VK\ plants produced by growing said seed, and plants and plant parts 
having all the physiological and morphological characteristics of PH2VK (col. 10, line 63 
to col, 12, line HTable 1; claims). It appears that the claimed plants and seeds of the 
instant invention may be the same as PH2VK, given that they exhibit the same traits, 
such as high yields and very good seedling vigor, for example (col. 10, line 65 to coL 11 
line 11). Alternatively if the daimftH nlante nlant nark and r»f PMTra aro nnt 



plants, plant parts, and seeds due to minor morphological variation, wherein said minor 
morphological variation would be expected to occur in different progeny of the same 
cultivar, and wherein said minor morphological variation would not confer patentable 
distinction to PH5TG." 

Claims 1. 6, 21, 25, 37, and 40 have been amended to include the ATCC 
number. Applicant again points out that PH5TG is not PH2VK, nor is PH5TG an 
obvious variation or anticipated variation of PH2VK. Differences are pointed out in 
section 2 of this response, 
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Appiicani has cancelled claims 45 and 46. 

As stated earlier claim 14 was amended to remove such words as "high," "very 
good" and u fasf . The claim was also amended to include, "and wherein said at least 
two PH5TG traits were derived from PK5TG and not from other plants utilized in the 
development of said maize plant." The claim now clearly states that PH5TG is utilized to 
obtain the maize plant claimed. Because PH5TG is not PH2VK nor is PH5TG obvious 
over PH2VK then any claimed plant derived through the use of PH5TG is non-obvious. 
Also of importance is that because PH5TG is not PH2VK the maize plant of claim 14 
cannot be obtained by any means other than by utilizing the seed or plant of PH5TG. 
Applicant requests that the Examiner reconsider the rejection to claim 14 under 35 
U.S.C. 102(e) and 35 U.S.C. 103(a). 

Applicant has amended claims 17 and 36 as follows, ,; A maize plant, or parts 
thereot, produced by the method of claim 15 (34) wherein the method comprises 2 or 
less crosses to a plant other than PH5TG or a plant that has PH5TG as a progenitor , " 
Claims 17 and 36, as well as claim 33, are now limited to a maize plant two crosses 
away from PH5TG. The MPEP section 2143.03 states, "If an independent claim is non- 
obvious under 35 USC 103, then any claim depending therefrom is nonobvious. In re 
Fine, 837 F.2d 1071, 5 U.S.P.Q. 2d 1596 (Fed. Cir. 1988)." The MPEP section 2116.01 
states, ' AH the limitations of a claim must be considered when weighing the differences 
between the claimed invention and the prior art in determining the obviousness of a 
process or method claim." See also In re Ochai, 71 F.3d 1565, 37 USPQ 2d 1127 
(1995) and In re Brouwer, 77 F. 3d 422, 37 USPQ 2d 1663 (1996). Once again, 
because PH5TG is not PH2VK nor is PH5TG obvious over PH2VK then any plant 
derived through the use of PH5TG is non-obvious. Also of importance is that progeny of 
PH5TG cannot be obtained by any means other than by utilizing the seed or plant of 

Applicant has amended claims 41, 42, and 43. Claim 41 has been amended and 
now reads, "A PHSTG-derived maize plant, or parts thereof, produced by the method of 
claim 40." Claim 41 is now one cross away from PH5TG Claim 41 clearly states that 
PH5TG must be used to obtain a PHSTG-derived maize plant. Claim 42 has been 
amended so that it does not allow any further crosses away from PH5TG. Thus claim 
42 is the selfing of the plant derived by the one cross away from PH5TG made in claim 
40. Claim 43 has been amended for clarification purposes. All PHSTG-derived plants 
are limited to one cross away from PH5TG and the derived plants are limited by the use 
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of PH5TG in the initial cross. One would not be able to obtain plants within one cross of 
PH5TG through modification of the maize inbred taught by Segebart because PH5TG 
comprises a unique and nonobvious combination of genetics. The claimed plants 
derived from PH5TG retain unique and nonobvious combinations of genetics derived 
from PH5TG. Thus, they deserve to be considered new and nonobvious compositions in 
their own right. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 U.S.C. 103(a). 

Cancellation of claims 45 and 46 and amendment of claims 1, 3, 5. 6, 14, 16, 19, 
20 ; 21, 22, 24, 25, 33, 35 7 37. 40 T 41, 42, 43. 48, and 49 does not in any way change 
the claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent. 

Attached hereto is a marked-up version of the changes made to the specification 
and claims by current amendment. The attached page is captioned VERSION WITH 
MARKINGS TO SHOW CHANGES MADE ". 

Applicant submits that in light of the foregoing amendments and the remarks, the 
claims -|_44 f an d 47-49 are in condition for allowance. Reconsideration and early notice 
of allowability is respectfully requested. If it is felt that it would aid in prosecution, the 
Examiner is invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Respectfully submitted, 

Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 



Steven Callistein 
Pioneer Hi-Bred International 
7100 NW 62 nd Avenue 
P.O. Box 1000 
Johnston, IA 50131-1000 
(515)-254-2823 
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t - - M. 1 . . 



in uiti specmcauon 



At page 52, the entire paragraph following " Deposits ", lines 2-21, was deleted and the 
* an paragraph as typed was inserted. 



in the claims 

Claims 45 and 46 were cancelled. 

Claims 1, 3, 4, 5, 6, 8, 1 1, 12. 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27 30. 31 

32. 33. 35. 36. 37 40 41 AO A*\ ai aq srtH aq lA ,« r . j ^_ r ! . 

■ w ■ " ,w ! r » ; a* '0 were drnentjed as follows. 

1. (Amended) Seed of maize inbred fine designated PH5TG, representative seed of said 
line having been deposited under ATCC Accession No r 1 pta az->r 

3. (Amended) The maize plant of claim 2, wherein said plant is manipulated to or male 
sterile 



4. (Amended) A tissue culture of [regenerate] cells from the plant of claim 2. 

5. (Amended) A tissue culture according to claim 4, [the] cells or protoplasts of the 
tissue culture being from a tissue selected from the group consisting of leaves, pollen, 
embryos, roots, root tips, anthers, silks, flowers, kernels, ears, cobs, husks, and stalks. 



6. (Amended) A maize plant regenerated from the tissue culture of claim 4, capable of 
expressing ail the morDholoaical and nhvsininnirat rhar^er^n^c. n ™ ir-r,-. 



PTA-4526, 



8. (Amended) The method of ciaim 7 wherein [the inbred maize plant of claim 2] said 
different inbred parent maiye. plant j s the female [or male] parent. 



1 1 . (Amended) The maize plant, or parts thereof, of ciaim 2. wherein the plant, or parts 
thereof, [have oeen transformed so that its genetic material contains one or more 
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transgenes operably linked to one or more regulatory elements] further comprise one or 
more transqenes . 

12. {Amended} A method for producing a maize plant [that contains in its genetic 
material one or more transgenes,] comprising crossing the maize plant of claim 11 with 
[either] a second plant of another maize line [, or a non-transformed maize plant of the 
lino PH5TG, so that the genetic material of the progeny that result from the cross 
contains the transgene(s) operably linked to a regulatory element ], 

13. (Amended) [Maize plants] The maize plant , or parts thereof produced by the 
method of claim 12. 

14. (Amended) A maize olant. or Darts thereof wherpin at least 

maize plant is the maize plant of claim 2 t said maize plant expressing a combination of 
at least two PH5TG traits which are not significantly different from PH5TG traits when 
determined at the 5% significance level and when grown in the same environmental 
conditions, said PH5TG traits selected from the group consisting of: a relative maturity 
of [approximately] 90 based on the Comparative Relative Maturity Rating System for 
harvest moisture of grain, [high yields] yield , [very good stalks, very good seedling vigor, 
fast dry down and adapted to the Northwest, Northcentral, and Northeast regions of the 
United States and Central and southeastern Ontario, Canada and Quebec, Canada] 
harvest moi sture of grain, early growth scores, growing degree units to 50% pollen shed 
and growing degree units to 50% silk emergence ; and wherein said at least two PH5TG 
traits were n ot exhibited by other plants utilized in the development of said maize plant . 



breeding techniques are selected from the group consisting of: recurrent selection, 
backcrossing, pedigree breeding, restriction fragment length polymorphism enhanced 
selection, genetic marker enhanced selection, and transformation. 

17. (Amended) A maize plant, or parts thereof, produced by the method of claim 15 
wherein the method comprises 2 or less crosses to a plant other than PH5TG or a plant 
that has PH5TG as a progenitor . 



V 
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18. (Amended) The maize [plants] plant , or parts tnereot, of claim 2, further comprising 
one or more single gene conversions. 

19. (Amended) The [single qene conversion^)] maize plant of claim 18, wherein [chej at 
least one single gene conversion is a dominant allele 

20. (Amended) The [single gene conversion(s)] maize plant of claim 18, wherein [the] at 
least one single gene conversion is a recessive allele. 

21. (Amended) A maize plant, or parts thereof, having all the physiological and 
morphological characteristics of inbred line PH5TG, representative seed of said line 
having been deposited under ATCC accession No. [ ] PTA-4526 . 

22. (Amended) The maize plant of claim 21, wherein said plant is manipulated to be 
male sterile. 

23. (Amended) A tissue culture of [regenerate] cells from the plant of claim 21 . 

24. (Amended) A tissue culture according to claim 23> [the] cells or protoplasts of the 
tissue culture being from a tissue selected from the group consisting of leaves, poJlen ; 
embryos, roots, root tips, anthers, silks, flowers, kernels, ears, cobs, husks, and stalks. 

25. (Amended) A maize plant regenerated from the tissue culture of claim 23, capable 
of expressing all the morphological and physiological characteristics of inbred line 
PH5TG, representative seed of which have been deposited under ATCC Accession No. 



27. (Amended) The method of claim 26 wherein [the inbred maize plant of claim 21] said 
different jnbred parent maize plant is the [female or] male parent. 

30 (Amended) The maize plant, or parts thereof, of claim 21, wherein the planter 
parts thereof [have been transformed so that its genetic materia! contains one or more 
transgenes operably linked to one or more regulatory elements] further comp_ris.es one 

:6 
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or more transaenes, and wherein the maize plant, or parts thereof, are e ssentially 
unchanged from the corresponding plant, or parts thereof, of PH5TG . 

31. (Amended) A method for producing a maize plant [that contains in its genetic 
material one or more transgenesj comprising crossing the maize plant of claim 30 with 
[either] a second plant of another maize line [, or a non-transformed maize plant of the 
line PH5TG, so that the genetic material of the progeny that result from the cross 
contains the transgene(s) operably linked to a regulatory element]. 

ji, IrtMlcnucu / !!vidr£-fc pich ■ i i y i [iipi ^^ i» , '"i lw l>.u;>wi p" ^ * — J 

method of claim 31. 

m. (Amenoeo) a rno i o-u6i iveu maite piam, ui ^aita mwoyi, wimv»m i^u^i. 
ancestor of said maize plant is the maize plant of claim [21] 2, and wherein the pedigree 
of said PHSTG-derived maize plant is within 2 or less crosses to a plant other than 
PH5TG or a plant that has PH5TG as a progenitor [said maize plant expressing a 
combination of at least two PH5TG traits selected from the group consisting of: a 
relative maturity of approximately 90 based on the Comparative Relative Maturity Rating 
System for harvest moisture of grain, high yields, very good stalks, very good seedling 
vigor, fast dry down and adapted to the Northwest, NorthcentraL and Northeast regions 
of the United States and Central and southeastern Ontario, Canada and Quebec, 
Canada]. 

35. (Amended) The [maize plant breeding program] method of claim 34 wherein plant 



backcrossing, pedigree breeding, restriction fragment lengin poiymorpnism eiirianoeu 
selection, genetic marker enhanced selection, and transformation. 

36. (Amended) A maize plant, or parts thereof, produced by the method of claim 34 
wherein the method comprises 2 or less crosses to a plant other than PH5TG or a plant 
that has PH5TG as a progenitor . 

37, (Amended) A process for producing inbred PH5TG, representative seed of which 
have been deposited under ATCC Accession No. [ ] FTA-4526 , comprising; 

21 
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(a) planting a collection of seed comprising seed of a hybrid, one of 
whose parents is inbred PH5TG said collection also comprising 
seed of said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH5TG plants: 

(d) selecting said inbred PH5TG plant; and 

(e) controlling pollination in a manner which preserves the homozygosity 
of said inbred PH5TG plant. 



40. (Amended) A method for producing a PHSTG-derived mai7e plant, comprising* 



(b) growing said progeny maize seed, under plant growth conditions, to 
yield said PH5TG-derived maize plant. 



41. (Amended) A PH5TG-derived make plant, or parts thereof, produced by the method 
of claim 40 [, said PHSTG-derived maize plant expressing a combination of at least two 
PH5TG traits selected from the group consisting of ; a relative maturity of approximately 
90 based on the Comparative Relative Maturity Rating System for harvest moisture of 
grain, high yields, very good stalks, very good seedling vigor, fast dry down and adapted 
to the Northwest, Northcentral, and Northeast regions of the United States and Central 
and southeastern Ontario, Canada and Quebec, Canada]. 



(c) [crossmgj setting or sibDing said khs i u-denveo maize piani [wun 
itself or another maize plant] to yield additional PH5TG-derived 
progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant growth 
conditions, to yield additional PH5TG-derived maize plants; 

(e) repeating the [crossing] selfinq and growing steps of (c) and (d) [from 
0 to 5 times] to generate further PH5TG-derived maize plants. 
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43. (Amended) [A] The further [derived maize plant] PH5TQ-derived maize plants , or 
parts thereof, produced by the method of claim 42. 

47. (Amended) The maize [plants] slant, or parts thereof, of claim 21, further comprising 
one or more single gene ^p^iftn^whamin the maize nlant or parts thereof, are 
Msantiallv unchanmd from the c o rresponding plant, or parts thereof , of inbred line 
PH5TG . 

48. (Amended) The [single gene conversion(s)] maize plant of claim 47, wherein [the] at 
least one single gene conversion is a dominant allele. 



/rU mai7R nlant of claim 47, wherein [the] at 
least one single gene conversion is a recessive aiieie. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



The Fundamental purpose of plant breeding is to identif; jerM;}pe^ with superior 
perform a n ce in commercial proJiictior. . A large proportion of the time and 
""■expense devoted :o culrivar development K in field evaluation of breeding ma- 
terial. The tests may involve genotypes in an initial stage of evaluation or rh<j.sc- 
fcog given final consideration for release as now cial:j vnrs The character 
.twhiated range from those thaL can be Treasured readily by visual examination 
• to chose that must be measured with appropriate Instruments. The generic po- 
JraCal of a genotype Tor some characters may be determined effectively with 
:ora few plants in a small plot, while tor other characters extensive evaluation 
larger plots may be needed. 

It is the responsibility of the plant breeder to se!eer the field-plot techniques 
I will provide the maximum amount of information with the resources avail- 
Mt. The challenije is :o adequately test as many genotypes as possible, The 
wrcss available to plant breeders vary: usually several alternative techniques 
b— Available for character evaluation. Plant breeders musr decide which rech- 
t^pn will be the most effecme and efficient in Lhcir particular sicuuriotl. 
Detailed discussions of field-plot techniques and data analysis are provided 
Gomez arid Gomez i 1484) and LcClers et al. il%2K An overview of trie 



18CES OF VARIATION 

ideal way ;o compare genotypes would be to ^row a!) of them in exactly 
***** environment and -o measure their characteristics in precisely ihe same 
The differences among genotype* in this ideal situation would be due 
10 Variation :n their genetic potential; therefore, the best genotype could be 
withuur error Th.s idea! .s imp-.»^ih!e :o achieve ur.der rlcM eondic.u.is 
Of luck of unifomitv in the environment to which the genotypes ,ire 
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exposed. Neverthcie^. ihu.- usj of jppropr^tc ricid-pioi technique^ can mmi^ 

tilt accural uirh uhu* ^nm>p^ an: compared and elected 

The factor mat result in test conditions, that arc less than ideal can be rerenr4" 

to collective^ as sources of £\penmental error. The\ include variation in % 

environment ro which each Genotype is exposed and lack of uni tommy in the* 

measurement of characters. The breeder has opportunities to minimize cipc^ 

mental error by eurefulU selccunLi the sire to be used for held trials, the culmnl 

. _ r. r --.[i.irTinn [h^ nhv v;/.' and ^Kipe. and the method nf 

practices usei- n. '-i'-r — i---- ■- - - r ^ « 

ij;UA collection , 



Silt Selection 

_ .i. ....:..:». «r i-.x; i it fN'v^ni.i^K r -'ir'iic , d to is soil heto- 
\ anaiion in prouueuvu; m ..«n ... • ■ ■- 

oe-_nei:\ iFk I'M;- Cau-e:> o!'>oi! hererogerieU} tcvii.de varialiun m sol type. 
awalabilir\ of plant nutrients and sod moisture. The variation cannot be com- 
pletely eliminated, bui i: often can be minimized by careful selection of the ana 
In a held where plots will t>e sruwn. Soil map, art helpful lor understanding 
ihe virion in soil that i> present. Soil rypos d;f:er in the.: inherent ability 
to reiam nutrients and moisture. Entire trials or a: least an enure rL-phcanoo 
should be emwn on a single "ml type whenever possible. 

Vi^al ^nspeerion of J field is important, cv^n when a soil map lb available. 



Figure 19- 



-1 E^amri^ of potential varialtnn in -oil pr«<ductiviry in a test 2ira. 




/ / / / / 

Above-averaae 
productivity 
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FIELD-PLOT TECHNIQUES 

When a \\M h-r* H^n iderUirvd a ;.c'.r m jJwiIll' a, u potential t^t mL< 
u^erul tor me breeder fi> u".^ i^r ^r^-m^ tn pit«.A.* ,i ■ . v ■■»--< i - 
;., ,; v _. ir; , The breeder xhoJki rM.e \arialKUt m ine ice; am mal ma\ ca^.e '-'^LT 

• „ ,„ ,. ._ , _!., _ th ., n ;-, ,vwu..r Oi'l^'ence^ in *>o 1 1 rilla i _ r c after 
to accumulate more ii. un»w pse— - n - n m ^.».in^.. 

or* the area. 1'n.^cn Ji>:riba:i-in or p'ani or jr.:rr,u. wxste on a ri-ia snould be 

rvnai ^ a potential contributor to \tirution in (hi availability of plant nulncnts. 
' Before u site is chosen, m^rmanon should be obtained on crural practices 

that were followed in the production of prtviou* crops, with special attention to 

the application of chemicals that could influent the crop that the breeder vv,.. 

b- ^iluatin*. The re^due from herbicides applied for control or weeds ,n 
,r C l, „^ .-, U se da^-e to the cmd to be tested. The following quo- 

tiition from a resean-n jii.ue 0;. inume and r^i.i < , . 

illustrates the importance of herbic:ue reMdje. 

Th, smnn, ucr. c^luat M jl Arco jr J xarr.uha. In* J. m W*. ■ .V. Kjn.i^h:.. 
parI of the cxpcri.i^V was nudw-<er:tl> r*.ucO »' * flCk1 LrcjECl ' " itn a,rj/II - c 
toxicide iao >tl-.iis besi-ru. All in the ^ic c-M!V>cu. 

Previous cultural pr:.e-c< n a hdd cun he e^cu^lly important research 
stations where crop- are rytared from one tield to another on a systematic b^^. 
The research conducted on .rups prcv;ously ^rown or. a hetd can mHuence 
□.rkedlv the umlomiitv uf ihe test ,l:e. For example plots or oats were planted 

> field at the Asronoivv Research Center of lo-a State Untverstty m which 
soybean* had been oLnted th, previous year Growth of the out, v^cd in 
' . L i ■ .,„„].„. ^ lir ,^^ri v in rhf* hv!d. A review oi (he 

previa wvbean research revealed that the >tri P < of oats w::h extra growth 
coincided vvuh ^reas where mature sovbearb had been cat and leTt unthre<hed. 
The miro-cn in the son bean >eeds in tr.e Mrips wa^ available to the oat> the 
fo.lowin^N^r. an.kauscd non-jniformity of nutrient availability m the ws: ^lte 



8036 




^ > 



Cultural Practices 

Experimcmal error can be minimized oy the use of uniform cultural practices 
for production of the crop be;rui tested. Chemical, should bo applied uniformly 
to the test site before, dunn*. or after planting Uneven soil compaction should 
>v» ^^i^;.,.,^ i.t^n.r fiiiuTP .^..-r.rinns Annliuaiion of supplemental water by 



^ form; moM breeders try to ehmniu:* all aeedi during tne ^r>vmi.^ ^^.-n ^ 
| 3void c\penment;it error oau>eil bv differential weed competition. 

The development of equipment specincailv designed lor planting mana^nu. 

arow plob more etn- 



i 



^nd harve^tin^ research dors has rjermittcc breeders 



cisr.: 
unit' 



T 



ne 



err.ph 



as:s 



)rni[\ yiith wh.c:' ;2enotvpe^ m: 



desi-jn and use or' jon equipment must be tne 
nandled. 
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Experimental error ^Kr'ej.^e'* whenever intcrp'ot con pet It ion cyjse* the p?n> : - 
mance of a lienors pc m one plot to be altered by the performance of genotype 
in adjacent plots . IntcrpIot competition results primarily from mrergenotyp. 
competition, which t< tht; Jifferential ability of genotypes to compete with £«_■ 
other. Interpiot competition is more import am for the evaluation of some char 
actsrs than for others. It is only through appropriate experimentation th.it u pin 
ivpe can be identified that will provide reliable information for the character o 

I I J kt_ I s. >4 . 

TU ^ .^T r\T inNn-nnAf .-^i-i r> i rS« r i f t.- \ n r- '1 fi X»a 1 1 >i i r <"f Yt\- rhp-* i iC rS f nl/ltc nil' 

| ML L! ILLl.l Ul lilLLi ivilfl ^ 1.' I J i I i U H w 4J I U\. U » L/_I 111*. J .J 1. I K *"■»■ ' ' "IL: 

multiple rows in which onl> plants :n the center rows are evaluated (Fig. 19-2, 
In pluti with throe or mo-- rows, the outermost rou * are dc:>i,:na:ecl .-is rhc borcte 

or nturcl rnwv The faction of r hc horde: rows i> to prevent pk;;i(N in adja:^:' 

Figure 19-2 Illustration of bordered row plot* with different cuhivars desie 
uated ^ •- .... and ~~ f Courier ol Fehr, i V.'S ; 

Bordered row plots - equal row spacing 



Three-row 



Four-row 



Five-row 



r, m .-.) 



c o o 

0 G G 



oco 



J G U G 
G C C G : 
G OCOC 

^' -J 

0 O OC 
G G G 0 C 



j 



_ , , _ ! A rS « «i 




i ! ' I 1 I i 1 
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>t>5 



phi 1 - from influencing rhc per'umuiKe t»: plants in ihe center oi the plot. Hacn 

;. _ ! . _ i I n I * •■ i ^ -Mn, i.l.^r.s.i . ■>■> i r' i ■ i f i t r, • rii> 1 r I f h i r i L 1 1 r i ■ I 1 f" ^ ■ ' h V nt 1 1 i7 H Pi I HP' 1 
'JlKU-ll-^ ! ^ * • •■' ■"-••<•' ' . .7 - 

fidu>. The >pac:nc: hc:\^cn pi* ^an be: eretii-er tnan the witmn-piot ^pacini: :o 
fa s -!l:turc lb? movement ofeuLiprr.cn:. pun;caiar'y when narrow ruw-» arc uuhzcu, 

(i would be ideal if bordered plots could he u.serf for [he evaluation or a!! 
charterers tru: are influenced b> interplot competition. That ideal ;>> dirtkjlt :o 
achice when thousands of gt:nuivp::s are beir.i: evaluated. Bordered plots require 
seed and land that do not dtrectK provide data lor a genotype Bordcr> Lake up 
two-thirds of the >eed and land area for three-row plots and one-halt' tor rear- 
row plots. The cost arj availability of seed and land often necessitate restriction 
of '-he u^e of bordered plots to the evaluation of genotypes that are acing ~iven 
final consideration for rdea.se as eulnvurs 

Interplot competition can be reduced, but no: eliminated, with unbordered 
plots of two or more rows, till or' which are used to evaluate a character (Fiii 
)9-3>. A senotvyie In :i Ninde-!'ow plot i> <uSjit /^'d to in-erpi'K conip; r i r n.= i"i i » r; 
both side*. Interpbr. competition is reduced by one-half in plots uttri I'ao rows, 
two-thirJa with three rows, thrce-tuurihs uith four rows, and four-fifths with 
five rows. The estimated reduction uf interplot eompetuion with mere;K;rvc num- 
bers of rows is based on the fact that each row of a plot must compete on two 
sides. The border row.s arc each vibjcctcd to intcrplor compet;:i;.in on one side 

Figure 19-3 Illustration of ar.bordered row plot* with different cu Invars des* 
ignated as 0 drtd [I I Courts of Fehr. I97S i 

Unoorde r ed row plots ■ equal row spacing 



Single-row 



Two- row 



Three 'row 
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• • * 

• * • 
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i,,, ri ., ,^ -u,.- t rhc:" Am r.rA:- wi;hin thu i^ 1 border ri'v.. jt-j ^'. , ^"' | .cu irorn 
: nl - rr .Kv. c^mpoiir.on. This ^an to expired ^ 

Reduction ;n marplot (lWm bc;' ul" h.^'n ^J^lilL^-L-^ 0 ^ ~ * 



:omp-jurion compared = 
wiiii Mn^le-re* plot 



number ol' rov^ per plot 



Z 



Two- row plot - : — ^ ^ 

(3 * 2) - 2 



Three- nr^ pioi - 



1 1 -) 



=. in. 



Th. amount of mterplot competition also can be reduced >> increasing the 
(1V1 ,„. hlMWC ,. tl rows of adjacent plots. Interplot co.flpcir.tor! :n soyoean* 
cv.i-f.Kd xv.fi! five culuvars crown ip. single rows spaced I go. ». > ; - ir "-> 
cm , P a-. fCkdcc el si.. IWI The average ellect ol tnlerpiot ^iprtuicnoii 
seed yield *a^2.6 percent for the KW-cm spacing. 3.j percent tor cm. V„ 
pc.cem fur 50 en). anc, 1 7 ft pcrce.ni lot 2 s em. 

A combination of increased row spacm? between piots and a large moraex 
of rov^ cr. minimize inierplot competition in unhordered plots. In the soybean 
carHe of the preceding paragraph, the average change tn y:,ia tor y.ngle-tw 
plot, Spaced 100 en, apart -as 2.6 percent. The peonage theoretical* would 
L ,„ i 1 nerccn: for two-row plots and to 0.9 percent ror three-row 

plo^Row* uithin'a plot are not subjected to interolot competition: thcrctore. 
th- spacm* between rows within a plot can be less than the .pacing oetw=en 
.Jia-ni plots Fimrc 1 9-3 iilJstrates a two-row plot in which the spacing better. 
Plots* wide enough to nunimirt inierplot competition and the spacing within 
;r.e iloi is redLced to mimmi/.c the land area reared tor eacn plot. 

Some breeders plant one cull-.var a* a common border bcueen one- or :wo- 
m* olot- In tarlcv.a lodging-resistant cultivar i» used as a common borde. to 
ore%eni *<notvpes'%viih lodemg susceptibility from tali-ng on genotypes m afl- 
; ac . 0 , nfou therebv causing them to lodge unnaturally The use ol a common 
border has been evaluated a's a mean, of eliminating inter 5 cno.y P .c e^petinor, 
be'w-irn p'ots lor seed vield and other quantitative characters. Tnc resa.ts o\ nc 
research indicate that a common border ,ar. reduce but not eliminate intent 



eg; 



t 



f: 
P" 

pi 
b; 

ai 




seen Mfiu iiiiHuiL iv : - _ . . 

.as compared with competition of the cuit.vurs when a common border v-a 
used (Ged-e et al.. 1^7',. InterpW competition averaged I 1U percent in Sin S l«- 
m» plots and S.3 percent in plots with a common border. 



Plot Si*e and Shape 

i , i i . . . - >n <2 

... , ,1., .< ii-.li' L'U^t'v PC^ \ LlI'lL 1 ^ WlJ! tliu Lu-liJ^'v' l^ 1 '-- 

Ir.t- stz^' o! -jam- u^:J .\) u^.u^tL ^ 

; ' ...rv m' .vn"H"V"j' for 'MX o >:or.^ iJci i-.i a^Olj" 11 A 



ij ■■ i. ii ii 
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mi-Mini:- a charade:, (he e ^penmcnta! dcMen. and me CTpu'h diana.."'^!: / 

_ To;ll lor' .) sivxW plant U\M > har.e^ed h; 



if :hc C" H' 



;- J !oN v.i:". .n 



hand ft* iK -.c thai jr: "^nJ 



it 1 ; * -_L enuiuiO .o 



;;nnen: ^cd hv farmer U-r commercial nroilueri: *n 



Sin^is-PU^t: rU>is hidiv iJuai oLnts C-orriiiioni;- arc evaluated m ^eat'ec-i'ine 
pop-ilation^ There is no ro p I u' of the individuals, unless vegetal; 1 , e prop- 
agation of clones i> possible. The spacing among plots vunev with the crjp 
s-eue^ involved G-irdner i 146! \ ^p.iCLid irvhv tduuls 50 bv !0O cm apart when 
5cle--CLny ror yield in maize Burton (19~^j spaced planes of a population of 
Panaacola haniagrass 60 by 6vJ cm apart when conducting recurrent phenotypsc 
selection for forage yield. Burton and Bnm 1 93 i ) used a 46 by 46 cm spacing 
imon^ soybean plants tor i.*^c f ion of On composition in cne sccd. 

Sinsle-obnr nioh arc u.->ed for the replicated evaluation of experimental lirit> 
or cultivars by the honeycomb held design i hasoulas. 1979). The number ut 
plants evaluated for a line is equal tome number of replications in the experiment. 
Fasouja^ ( 1 ^ 5 i indicated ih JL iOU Miiglc plan: pu>r> i ix* p I k >ns; pe;' lin- ^ odd 
provide .satisfactory results. J he plots of rho lino in a toi arc organised m a 
Systematic manner (0 permit comparison of a plan: Of one ! ir.c with adjacent 
plants of other lmc> (Fig. I'M) The honey eomh design h:i> ror been adopted 
by plant breeders for replicated evaluation of line* because it requires more laLw 
and is le^s amenable to mechanisation !han microplots or conventional row plots. 

Muliipttt-PLim Plots. The evaluation of experimental hues or cdtivars by plant 
breeders is asaaliy done In plots containing two or mure plants Plot size vanes 
from small microplots cons rsci n g ot a hill or short row :o a plot with one or 
more rows several me:ers in length. 

Micropluls. Micropiois are used to minimize the amount of seed or land required 
to evaluate i group of lines, In ar, uribordcred microplot. the effects of ;ncerp!ot 
competition muni be considered w hen determining an appropriate distance among 
plots (fig. For oats, hill plots spaced about 30 by 30 em apart have b^en 
used (Frey. \%5\. while for soybeans, a spacing of about I by I m is more 
common (Garland and Febr, l°S I ]. 

The number of plants in a microploi di fieri amon^ crops. A planting rare of 
]0 seeds per hill ^ satisfactory in oats (Frey. [%5h while a rate of 12 seeds 
per hill Is u>ed for so\beans (Garland and Fehr. L9Sli. When short rows are 




mere is a lack ot acreernen: anoriL' du:;u oreeaers concern irvj cne errec- 
tiveness of microplols tor evaluation or agronomic characters, particularly seed 
yield. Breeders who ase microplots indicate that they are aseful for eliminating 
interior lines during rhe rirsr \ear of yield evaluation Lines with accepiahle 
penorrnance ;n microplots are evaluated :n convenrionul row plots during suiv 
^q^ent years of testine;. to identify those :hat merit releasi; js eultivars !Fre%. 
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Honeycomb 
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Fisure 1«W Gfd and hone>cn«* design to *kcc individual plants » J FP" 

ulai.on. ror the ■ - - • d , he plant it U* 

chosen from such -Gardner, i'/ft. h* »fc l» ■"<-.- ^-f f- - . > „ 

ccmaoftha<va**.3i-W^^^ 

,C 0 ,,i.,. iqtov A o!am .< chosen only ■ ! » * Mipcnor * t.> o.n r 1 
ihe hcNJUO-. The h»'\us-.'R , > i.n, .w-r.-i-n, .v.- v..i... 
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HILL PLOTS 

Bordered 
Five-hill Nine-hill 



o 



r 



r 



Figure 19o Illustration of hiK plots \*kh J;f:e:em euir;\.'rs designated as 



#, and 



Fehr. ISCSi 



: 965. Garland antl Fchr 1 98 1 1 . The advantages ol rracroptots compared wit 
conventional row plots for the ft r<c year or yield testing arc :ha: Isss land :s 
required per plot and that enough seed rbr replicateu testi ean he obtained from 
a single plant, which eliminates a season for seed increase. Breeders who Jo 
lot use rrticruplots are concerned about - he reliability »>f yield data obtained -'mm 
them. The coefficients, or variability for microplots L r ener:J!y are about one and 
one-hair to two rimes larger than rbr conventional row plots. 

Ryx plots. Row plots are used bs virtual!) all plant breeder* for replicated 
'isttna of aenotvpes. The overall p!(?t si/e is determined by the number of row^. 
the spacing between rows, jr.d tile row length. 

Siniilc-rOtt olo:s of I to 2 m in lenuth are w:dclv u^cd for the visual evaluation 

' ' - - ■ • - - -L , 1 ... , K rh-n" ■inni» , irini"i J fl 

- ' • ■ L 

ibllowint? season. Vi>uai selection and seed increase commonly are accomplished 
■vith the same plot 

A plot used to evaluate the yield of lines rbr the fir>,t tl.me often is smaller 
:han that employed tor advanced Stages of evaluation. For adsar.ced v:elti tests, 
'he breeder attempts to use a plot size that approaches or eqea!s the dimensions 
■Onsidcred Optima; for the crop species involved. Optimum piut size is the 
-:r,imi;.r. land area revived to measure a i.ruraoter '.visn an acceptable leva! of 
-^pcrixental error 

Cbtixurr: plot >tze can be determined n\ the use or data from a unilorin;:;. 
: *ia! i Cochran. ISO?'. A >me>e cai:r. ar > planted J solid >tand. w.tr.uu: a.leys. 
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in an are.' r^prc Nc"[j"i\e 01 fhul used for vjeid ex yiuaiion. The iuSiumi pt\i^ ml 



Used [(.' ~?rC'dJCC in j cr.-j 



i;v the :oiv.= jv :hi 



I for v:eld trtais 



-ire a is 



subdiudw-J ;Mo snii!! unitv and [he seed* or pi jr.!- iro:ti each Jmt are harvest 
and ueic'hcd scpar'ate'y Experimental emir associated with p It ts of dtr v erer.r 
size can be determined by making various combinations of the small units.. 

Optimum plot M/e also is determined thrtiu ltfi practical experience. The 
breeder often will experiment with plots of di r?'j rent >i/.e to lind [Ik: Mr.aliesr ur:c 
tha: hu> an acceptable level of experimental error. Breeders often do nor acres: 
or what [hey consider acceptable expert mental error, consequently, an optimum 
size for i;ne pc^or. may not be optimum for another 

Plot width generally ;> determined by considerations other than the relation- 
ship of shape to expert mental error The primary factors arc the number ol row-; 
required to miniri"!~.e or looiu iiiierpiut competition and the width 0* the pitm^ng 
and harvest. Hit eujipn-er; ttut K ava.ijblc Pic; wij;:: nitluei.ee> the percejitu^e 
ol kin J area tii^t must re cc^oled io aliens he.^ewfi pUjt.v la'ml., r.irrrvA plot.- 
require a lower pcrcemu'c of alley space than do nids. <hor plots Tms ad- 
vantage i s offset in bordered :?(ois because the percentage ol land area devoted 
to holder rows decreases as the number of rows per plot increases. 

Plot length provides flexibility for plot >ize Before calculators and computers 
became readily available, row. length ;n the United States wa> varied to obtain 
3 pjor size that was a fraction of an acre ; one-tenth, one-twentieth, eic i to 
Simplify the conversion ol plot yields to yields per aire Wuh ase of computers 
lor data summarization and analvsis. this is no loncer necessary. 



Data Collection 

The experimental error associated w ith the evaluation of a character is influenced 
bv measurement errors J u; 1 in it data collection. Fur characters evaluated visually, 
experimental error occurs whenever the data collector fails to ^ivc an identical 
ratine to plots with art identical appearance. Reliability of [he evaluation can be 
established readily by rating a acnes, ot plots at different times and comparing 
the ratings. It is essentially impossible to aa\c visual ratines without error; 
therefore, the breeder r:xs: decide when the error ;s acceptable and when ;t is 




pnate machine or instrument Experimental error can occur because of failure 
to prepare a plot properly for measurement, of not ohtamme a representative 
sample of the plot for evaluation, of j<in<; nonuniform procedures for sample 
ptcpjrjtion. and of fa dure of the machine Or m.^rumen: to operate properly. 

Preparation ol a p. or. for d;it;i coIL.;:mti nay bcitm hcfoie planting. For 
experimental error to be reduced. The ^eeds or plants ofeverx genotype used tor 
r>l j>nt:r*j ntUs't be treated ecuai!\ . 1: seeds or pl*ar> or' ^enorvpes to be compared 



l l '~W~ i "<*..*>.'wUA 
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. .. t r'rvm a .•■i::r::nn eO'-tr* <r ;T;cr;[ 

i .11 ■ . i -i \rr,m \ 



-niilcrl 



:u]r^dr '.vure round to differ in pKit^ iiru\ui 

... , ... I I - 1 ! ' C ... 1 

v .,.,u nbrjmjJ !rom ^He'enC ;..»c.:t:->n-. ' rea^vvk an,: nasv^.i.v i-> .jwv.v 
.o U rv^Noh^ been *ho*n :o mHuerwe >ced yield of >uv)^jh> : Fehr and Po;hs;. 
I o~ t i 

In some crvp specter umlonnr. of plant density nmori- plots ^n Re im- 
, lW nt in mmir.11^ experimental error. With ma.ze. u i> * common pr.cti.e 
■o chin yield km plot* ro a uniform ^tand >oon arrer >eedlm;: emerge nee. I nmnm^ 
1 nuVc"on,idereJ neeessaO with son* crop >peci<». p.nicuLuiy thu>e that nave 
he abilitv to branch or tiller in re>?on>e to low plant den>:ty. such a* bark; 
■n«' wheal If aUo is a amnion prance with cro F N such us ma:ze to rcco:^ the 
m mbcr or plants per plot immediately before harvest. The yield ol the plots ;s 

i -ro -ay n^ft fill - n* I, 

, . i k- i,.-.r .-ijns if^ hv in "I r*s ; ^ i \ s * n or coviir.ancc . lu iHttiiuutv ^V^ 11 ' 

. — v., -i-,- .'no^-triviin ot' ^e-norvDes 

, v .. ._ . v... .^v ..si.., i. mv,.,' ir rh^ ^n<| .if'mw pints the end p ants : :-:rei\u!> 
... P . r .,.<M^r lv: rh:-r r^s.- ins in Liu/ cenrer of the pint. vhsn end 
^^Hre' harvested, vidd of the plot ir Hated in comparison CO the yield 
.brained from p)aru> crowing ir. the center of the plot This Ration will prevent 
. direct comparison nt plot >ieids vvi;h ih.^c <Kpected in a normal co.nr-ier.Mi 
.lantin* unievs an approorute adiuvtment is made lor ail plots. The adjustment 
nav be" made bv consider^ the alley as pa* of the plot area; therefore, plot 
ecy;h is the distance from the center of one alky to the center o: the ne*t. 
nstcad of the diiianee between plants at opposite sr.ds of a rnu For exinipl-, 

■ . . ,i. _ l ,» n ^.,; n :F... nlnnrk iv > m -\rt\ rhi* I ^ 1 ffi vv ide . the' plOi 

I len^m 01 mv* wOi.iJuim^ ^i-.^- - - , 

ength for computing plot area h considered to be 6 m. 

The yield inflation by end plants in ^ plot does not contribute to experimental 
■rror unless i>e:\ot>pes in ^ ^ do not respond similarly to the s paee in the alle> . 
The e.wnmcntul'error associated ^ith differential re>pon>e of genotypes to an 
illev ean be mintmi^d by jesting yields accordi^ to characteristics of [he 
■enoivpes that inriuence thl> response. The end plants ol soybean senotjpes 
vith "late matunrv 51 ve a areuter yield inrlation than do genotypes ot early 
naturitv Values have been^developed wtih *hieh to adjust plot yields r'ur ma- 
;nrv of sovbean icriutxpes i Wilcox, 1970). More commonly, comparisons 
i'mong .oybean ^notypes are restneted co Chose of similar rnatun'y. ur.lo, plots 

:rc end-trimnied before harvest. 

rt,, nnk- w:>v tn eliminate vield mrtacion bv end pbnt, ^ to remote the 





vocedure with some crops, ine ena pianis arc 
■evelopment that the remaining plants in the plot cannot take advance of the 
-xtra space. The lenith of row removed from each end of rhe plot must be lorn 
;nouHh rn include all plants tnat have benellted from :he spjee provided byjhe 
d:ev" In >ovb^an, O.^m is removed from each end of the pUu iW.leox. 

The px'bitm of a blank alley i> minimized in sotne -:rops by plartmi me 
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,p JV r , w < oi' a sinsile cenoivpe pcrpenotiuwr w tne ic-'-i 

the plan., at the end of a plot must compete wth plants m the alley ana 

*,us their vieid mUA' not lie mudiiO ^ mi^., u . - — — 

Plums in the alley are removed immediately before the plots ar=: harvested. 



EXPERIMENTAL DESIGNS 

The Mrrwenen: of umrtvptt in a field experiment is referred to as the exper- 
imental feini. Some of the designs util.zed to compare genotype, are common 

to reseaiui tfl matt; ^ ^.j. v, ■ - . . 

.f„., m ^,nn, :) t:,r^r number ot>eriotvpcN as inexpensively as possible. 

L ,u^i m^m' U- thr rniihl evaluation u! a lar;;c niimha 0; 

nxrr, those 'ued in ihc ad\ancerf St^o of C^ti-c a lew 



:,.;,„'.vo„v De , Altcrnutixe designs will be considered here tor comparison or 
single 'plants unriplicated scn«.r ; .pes in multiple-plant plot*, and replied 
genotype*. 

Single-Plant Selection 

The fir« evaluation step in the development of a cuhi«r generally is the selection 

of individual plants Trom a popuMuuu. '»""^'i"^> ■ ■ r - 

,n ponuimioa improvement by recurrent phenotypic selection. 

When sircle-pbm Action in a population - for characters with a h L ah 
hentaml.ts, the plants general:) are grown in u random order and those with 
desirable 'characteristics are seized Cultivws ma> be grown in adjacent plots 
, 0 „ rve as sandards with which to evaluate single plant,. Date ol flowing, 
plant hc*hi tine of mamritv. and certain typ^ of pest resistance are example!* 
of chancier, for which single plants are selected without any predetermined 
arrangement of the individuals- They represent characteristics to ore nor raongi> 
influenced bv environmental variation. 

Sinule-plant selection in a population grown in a relatively large land area 
C3 r he hampered seriouslv by soil heterogeneity for cheers with a km hcr- 
.. , -u .., «.vi nr nl:int virtld. Figure I S3- 1 illustrates variation in uon 

with the highest vteid are .ejected rcgaraiess or rneir iwaiiun m u. t — — 
in the area of aUove-averace productivity will be favored. A plant with out:,tartd- 
in, genetic potential thai is located in the ares with below-average productivity 
pi^'be discarded. Two ^prrimemai desi^n> are available that rr.:nimi« :he 
effect" o/soirheieroiienei;} U Lomparine plants that are most adjacent to each 
other. 



V. J (La t . 



of ind:\idLLt! pian:s ^ ^ru^ 



k W oseJ that the land area -V. wmch J population 
n he vjhjjuded mlo ^!ock^- or ^:d- o! a lurked 
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h bl^k w.Lunp.-:'^il ^ith eawh '>rher. and 



yillC"!L'!H t.'IV«u,\? um w w ■ ' 



vi.tr h-u h^n aril tCC'.!mcd Dl*LHt 



hreederv particularly rruive coiWuC'im: recurrent pheiMypie s^iccciun ii:r yic:u 
or other characters with a io^ heritable*. 

Huwcotnh Dts'mn. F^ouia* M^'o) develops a honeycomb design tor se- 
lecting individual pEnnb :n a population <f ig. W-4>. Hive aspects of the design 
and its implementation arc unique. iai Seeds or clones are spaced equidiiuur.tlv 
trom each other in a hexagon piittcrri. The name of the design * a* chosen because 
the hexagon patterns resemble a honeycomb or bees (b) Plants arc spaced rar 
enough apart that they do not compete vvitn adjacent individuals. At the appro- 
pnatc spring for ^ species, a musing plant doe> not Influence the pertormance 

..c . v j: m r ^.K.^r.^L e-vh niapf ^I-.-m.K- has sufficient snuce in which 

.^^inn m In full n.ir^mi.il to i Homogeneous check cukivarS can be: included 

LV "JV ' - ".'f ■'• *■' • r <- 

I0i ^ 1 impj.n.sun . i : > t l l >., . ■ vi j> ■ i » . v * ^ w. - - . . . r . . - 

. .. ^t' pxi »*- . n^n'il-iimn j'i « "In,- i.< nf thi*- ht**::j:'<>n used to .SCiCCt 

smjie plants determines the selection intensity in the population, The eilect ol 
soil heterogeneity is minimized because only those plant.'; within the area or the 
hexagon are compared. <'e > Every plan: in the population is evaluated by placing 
it in the center of iht hexagon, A plant is chosen only it ;t is superior to every 
other plant in the hexagon. By moving the hexagon, ever plant is compared 
with a diifereru 5 roup of plants in the population. 

Compart sen oj itU' \itia utUi ri uhl \ <. Onus jy-:*^'*.> D'.Htt uiv 4^ 

designs reduce the problem of soil heterogeneity in the selection of characters 
of low heritability. In a comparison or' the designs. The advantages of one are 
the dibadvantu^^ or" the other, and v-ee versa. 

There are three primary advjntago of the grid design. 

1. The >pucin£ of pbnw does not have to be in a precise pattern. This 
facilitates the use of conventional plot equipment for planting and culti- 
vation. Mechanized planting of the honeycomb design uould require 
specialized equipment. 

2. Selection inwiisiiv Can be varied by altering the number of plants in a 
block and the number of plant* selected. Only certain selection inren<,it;e> 
are possible with the honeycomb design. 



collect data only frum the^c uith the bes[ putentia!. Use of the moving 
hexagon for the honeycomb design makes it impractical to compars each 
plant wirh appropriate one^ in its hc\agor.: therefore, data m^t be re- 
cordec! for every plant, except tnose tuat are on\iOiisiy interior. 

The honevcomb design has two u^^.untyiiei compared with the grid design 
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H ,.. V H,. n ..u , c h<-ck :uIuvli^ can be included to p*rnni wiuiipanjun* 0; 
;'* v X^anr. wilh a standard . When one-seventh of eh* plams arc a 



l cowr^*^"chccrplVn..'To providVadjacent plant* of one check 
cuinvar in a grid >y»tcm. one-third of the area would have to be ccvoted 

ro Lhc check. , f ft 

, M(V . , haP check culnvaK can be included readily m hexagon, of 19 
" or n , or , p' an ts U<e ol two or more check culti-.ars in the grid ^iivm 

l.o'v'd rcq^re thai a large fraction of each block be devoted to cheat 

plants. 

i i„,nnlicMwi Evaluation with Mulliplt'-Pkint Plots 

VIM \ | ' " " 

FU.ru breeders routinely conduct visual election amonc lines m unrepiicyieci 
, u for ^..riu. di^ase resistance, standabiluy. and other charterers ui i.ic;. 
heniabimv tvuluaiion for Yield in a single replication ha, been used to a limited 
e\rent lu eliminute inferior line> before initiation of evpen^e replioied tew, 
Wuh > single replication, each line is compared once wuh check cultivars or 
nth -r lif-> to determine it* iienelic potent^. A number of di: rcrent arTLin^mer.b 
ire 3V ^|^!e fur estimating the genetic polem.ul ol lin*<. One metnod isju 
-oVj-e 'ach line with a common check culiivar iBuker and McKenzie. !%/>• 
p'^M^r^nresents a hypothetical example of *e yield of six lines in a single 
replication, in* the figure, the y ield of each line i> expressed as a percentage ot 
r> Yield of the check culnvur immedialcK adjacent to it, 

Another atiernatne is to express the mcIc of ^ch line as a percentage ot the 
v^-hred average of the adjacent check plot and of the check piol t*o plou 
removed The purpose for using a weighted average is to minimize the potent 
problem caused bv an annually poor yidd of a check plot. In Fig. me 
check cuinvar adjacent to iine> B and C has a much lower yield than other check 
cultivars- Th* result, in an extremely high percentage ror lines A and B. im, 
weighted average of check cultivars cnuld be computed as 

{ i >: v l£ M of ad ; accnr check i - ( J : * yield of check two plots removed) 

.. .hrn.H 'i\:^:i'>e of check L"uJ^var> 



ck thev can be arranged so ui.it c^-n piaui ui .1.* r .^.-.-.i 



in oe 




1 he perccnt^tic vitiu ui lj^h iuh. 1.1 lvh^ahw - 

59 

Line A = n , . 



,ne B = 



L "iv. C - ; 



Line D 



51 



v mo - no 

. 'hi - : 1 5 



Received from < 515 331 6883 > at 10128102 3:41 :01 PM [Eastern Standard Time] 



..I D ■ M II II I K IIM I 






10/26/02 MON 15:55 FAX 51,5 334 6883 



PIONEER HI -BRED DSM 



FIELD-PLOT TECHMQ 



cuttivar 



t 
c 
1 
I 

I 
I 
( 
i 



i 

! 
i 



^ hi*"- «*■ 

^' "I; 

CuilivHr 



~, '* . ,-5' 



i 
i 



L/ne 
A 
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Line 
C 



Line 
D 



Line 
E 



Line 
F 



10 



^ y 



179 



Observed yield, q.'ha 

so v.* $1 4 a 

of adjacent check 
136 105 



41 



47. 



Figure 19-6 One 2o^ib!e arrangement of line^ in a Mp^'e -replication tc>t. the 
performance ofcacr. line Is compiled as a pcrecnTaee of Ehc pcrlornwnce ol the 
common chick cuk:^ir adjacent :o it. Line B ^ould V considered :lv superior 



one . 



Line E - - — , n 



4? 



48) 



' 100 = I I 3 
x 100 = 107 



Another method used to compare genotypes in single replications is the 
movinsmeaniMakeuil.. I.97S: Towtiley-Snuth and Hard. 1973). Each genotype 
is compared with adjacent tes: genotypes, nut with a check cultivur, 

The disadvantage of single-replication tests is that the bender has only one 
plot \aluc w-ith which to a^ess :he genetic potential of a line, ll by chance a 
line is placed or: a plot or sod uith above-averse productivity, relative :o :hac 
of plots with Nvhieh the line > compared, it seem to dc genetically sliperuv, 



[g]048 





Ull^ UlLfl VV(U' VYlllV-ll IK 



are no; eommoniy used for yield evaluation. 
Replicated Tests 

Two or more independent comparisons of lines in a -rest provide a means o\ 
esrirr^tin 1 " * nether variation ir. performance amone lines is due in differences: 
:n ecneuJ i^.rcnuul or :o environment! variation. Each comparison :> as rep- 
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\ * * i -r r r> r> Ccun 
vv^l. i cr\ r\. i c.ni\. 



n r k* :|.- l -orrn!whr'<J h\ .'rouin'.' two or more pors of each 

line at oris or more locotions or one plot at each of two or more locations or 



vcarv 



RonJ<>mt: t J<'um, One important consecration in (he arrangement of genotvpes 
wrthm each replication is the degree of randomization From a statistical view- 
point randomization of onirics is required to obtain a valid estimore of experi- 
mental error. To fulfill the requirement, each entry must have an equal chance 
of bemo assigned to an> plot in j replication and an independent randomization 



is pfonirrd for each feplu 



Plant breeders underhand the inipomncc of randomization and consider it 
iIh- ideat procedure for compur.soii of genoh pes Thev krtou th.it an> experiment 
d.u^ni-d to estimate component of usance ina.-t br: rtmdomtzai. There are 
circumsuincev however, in which plant breeders do not use complete random- 
ization for (he comparison of genotypes. Genotypes with similar character-sties 
mu\ be planted next to each other to reduce mterplot competition tn unburdened 
plots A nor.random arrangement of genotypes among replications may he used 
lu facilitate selection of v*enot)pes before hardest, 

.\onrurulom ArraiiwHvtus oi Gfnory/ws. Ar.v discussion of nofrandom arrange- 
ments of genonpes can be misinterpreted because it may impi\ that randomi- 
zation is not an important principle. To avoid such misinterpretation, it should 
be stated again that nonrandorruzat. on should onl\ be considered when resources, 
are not adequate to make randomization feasible The discussion of nonrandoin 
arrangements will include the reasons Cor their use. their disadvantage*, and the 
ways procedures can be modified to permit effective randomization 

NoT".;"andonii/;;:ion Anions Replications [\ is common to dcU\ replicated tests 
for yield until ^enotvpes have been visuallv selected m unrepealed plots lor 
characteristics such as lod^in^z . height, and maturity, To reduce the length or 
lime for eultivar development, the season for equation in unrepticuied plots 
can he eliminated by growing genotypes in replicated plots. visually selecting 
those w;th desirable characteristics, and rur^esring or.l> Ihe plots of selected 
^•n.rfvnes- for vield evaluation (Garland and Fehr. \%\ ). When visual selection 




10 evaluate each plot, summarize tne uata. make me -eiecoon^ uuu iucho._> u»- 
p!or< of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest ma\ be only a feu da>s when characteristics ot 
:nti'r:-Ni r.ot CNnrc^uC until nLnt mature. J: -e^eral thousand genotypes are 
randomized : .n two or more replications, summarization of data and ideniincation 
of ;ilots ;o ho harvested can be difficult or impossible M nceomph-h in onl> a 
few da^. The use of me same arrangement of geriotx pc> in each replication 

n the jon practice- 

When icnorvpe^ arc .n the same poslron withm each replication, the data 

• ' ■ ••-[ .j,.)iu:ivis 1 Fs-j . 1 Sum- 



»_ W< >W • 1 —1 



:-i u 



in HJr.'. 
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mari/juon oJ data is complete as soon a*- the la>t ph>l ;s tared Geno^pes with 

i : >\. ^ r r*-i K !..* , ■ h i r i. ti*o <•* i •"• » ! 1 1 ; in •. • ir ni. tr-> r. > n 1 1 -ifi. m< i r hi.* n^Ti'th. n 1 •< n. ! 

■ >w> "u- ■ ! i ■■ > ■ • ^ ^ , > ^ ■ «_ | - 1 > w u . . .i ■ — i. - w - * 

ui.-^aruec "I Ik* pi'.Ji-- ui desirable ccti* pu^ are read i> : o e n r l n l: J tor harvest 
heeaus: the^ are in the >ame potion in each r/epiicut loti 

The ui^iid^ jrtUL'L's of nt^nrjiidonii/^nun relate to ihe fuel thai the same gt*- 
not\pes ;j tt.- aKv a\ s actfacent to each other, uhich c:n have neyarive effects on 
the companion of eenotypev 

1. in tr reordered ploi>. imergenorypie competition :ao bias the performance 
n! genotvpe^ more seriously in a n< •nr^nJi'im than in a random urrance- 
rvierK- When u pu*-m* competitor \\ > ordered h\ ?. iioocj competitor, vie Id 
oJ' l he poor competitor can be reduced and that or the tiood competitor 
increas-cci in :*w>ry rcpi .cation. There is no opportunity for a linotype in 
occur tieXi to oliieis * iih a mojt Mnular competitive ability . 

2. In unborderjJ piotv a eeimivpe that die^ or unusual b weak in a:l 



repoeatitmv van p. event iac uw^ijuk' evaluation oi aciaccru Lt*iio()pc>. 

Thr> 1*1 1-"** i ir*n : ■ini , ! i • \ I :i i ^ i ;i , ii r i n ( i f « n-> v. n ^1 1 1 1 ii'c »r h< » li-tl'd in r. 1 n ! 1 _ 

cations uhere they were ne\i l>» healthv L'cnorvpev 
3 No unbiased est: male of experimental error can be obtained. 

The need to use nonrandomi?.a[inn or" :enot>pcs arnon^ replications Cc:n be 
y\Oided b> improving che e!hc:cnc\ ol procedure for data summun/.at'.on and 
evaluation. An eftieieni procedure uould include the u*e ol" a computer. Data" 
would have to be entered rap;diy into the compuisr. posstbo by entering piui 
data into an electronic recorder in :he ;;eld and electronically transferring the 
information to the computer Computer programs would be needed to summarize 
the data and make ^elections on the hjM> of standards established b> [he breeder. 
PiOt identification information for selected ccnytvpo would ha^e ro be provided 
for nan est. 

Grouping Similar Genotypes Within Replications. The Evaluation -of genotypes 
in unbordered plots can be hampered by bins from inter-jenorypic competition. 
Plant characteristics that often contribute ;o intenzenotypic competition in a crop 
include ^eh factor as differences in height and time of maturity, To reduce 
inwrsenocvpic competition. iienoiYpe* with similar charncrenstics mav be souped 




domjzation. ha^ the advLinryee ol reducing the effects of intcr^enot)pic com- 
petition in U reordered plotv The pr:mar) disad\ uMtaire is that all genot>pe^ in 
a ie^r car. not be ^•n;pared with the same of conhd.nce. Genotypes within 

•i irr. 1! in 'iXi^r 't| «'>|ht ,r tkv-'ir^ [T.^n^^i n^ i r-. , J ■ .V ^ r. f Tr.">Mn>. • i n ( f 

arc !c>s at't'ectcd b\ in\ ronmerttal variation amvinj plot;!. 

The use ol bordered piots eliminates the need for iinLiptnt: iienoiy pes. The 
perr'.^rTrancj u!' jenotvpes in plots ss no: ir.rluer-ceJ b\ :rter^enotypit compe- 
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M1 . y,- rnj^i^r.-. i\iiKl.>r ( mul:<'H :> fr.^x^J.- ■- ■■ ...... .J, Mlc> 

[Hi .'il. L > *^ ■ ^ !- , .i i^....,* nl.ir^ u : fr ni \T\1\. > ^"-i 

_ ... si mvJed ^rcrUc-jT.^u ^" uih,m^,^ r .. - 



*- .' ' . ilv. n^.J .it .»',( f.fl LflC* I Ul 1^1' 1 1 ' • " • 



, . .,, v . pri.'inrih the "I' O'U'.Ci iho. 

^ p,l ^ r " d " 1, iV^ci Jcsi"n, The L.Tin squar- u*d oni> .r. 
b.ock de^n or m,umpl,r.-t>i^ 0^'.- ■ -Cochran and Cov. 

ig^Tj TiwhnnevcomDdcMc:wan, u^aI^, ^pm-jilu , 

The Jitters, between the random^ .ompk^o k an, 
^ replication 1^ t^e> v u- lir . 'inum^: 

»* ' _ r , j 1Jt ..i -*r 1'ir-i ■inii^kiiii^;_M>" t ^-'n ~. - ' _ 

replication, randomization procures, a::-^^ ■-•> - - ■ ■ 

geninvjw,. , , , ^ , ^ nU .. hliiil r ,;, r u , [he ir.n^M ent or 

1,VJ teTf,,> ^ " V ... . c . i hi ,k .nd . replicator, ax :n-M 
i - -,i ..^nr^r- h^es. CcM^n. A nlAf. coiu...n . _ 

or.e block v^lH lupiu.u-- it \nun-; vr 

a ' 1 * * m „i»* hl-Lk d-s : ^'ns ar: unended to provide more control o-- 

■ .ui*hm a ^ i ol ; catiun th^n is r>o>bibic v, t :n me -1,111^. 

environmemai vanation *uhin a ^pueauLn 

block design. The .deal nation .or ^ l. P c ■ 0ullse d bv 

■-..^ • m,> oliv r hu- avoiding ;inv environments ^iiai.i 

lirer.r-s in --I foniiits, moisrurc. ^r.d other tutors w^n U 

v7h\ ^0 ^hc ne.i best approach ^ to adjust the pcrtormancc 0 ea.h 
,eno [ speaecordi^to^rc:^o.epr,-d-o. ) t^ ; ^ ^ . in a 

u- ' «i ^ Vi-k K-tt-- femlicv and numturc than the avLragL .or 

it one plot nab olLU, ,( - r ^ llL .\ J . ... , -i t li<js;eti downward. 

c ■ u .rtinn, nt a *'enotvpc in that plot w in c»l auj^^u 
replication. :nc performan^ or ^_er. ^ p ^ ^ 

A -cnotvoc in a P 1 ^ *i'h lower producnvicx than the a^.a,, 
performance adjusted upward. jeven^ 



©052 




.11 it'>- 



il . .J , , . I . ~ P . . ,, , t.ip jrlMr.'VirlV r l Jl Mill 

«.on ,Uhin replies d <P en.s on the pjijen, o. j^n.J V ^ J ^ 
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block JesijiMherc are no block, within a repletion and the ^trtes are 

at randonTro the -12 plots. 



rM ;.,;, r , i„.. ra < C s from left to ndnt The block, of the Ibuks d«>. S « 
P " nV'^a vn. .ha, effecuveh metres the variation, as cvidcnccu 
"t " HIV each bloc. The variaoon it, ,,. producrivuy 
, rol , nattcm. Much of the xjnaiier. occurs w,. 

arKl :nc ™, n perA™^ of <hc h.ock* «, redely Mrr.nar Tk- ... 



di 



no; 



fP«V"i . J JJ'H,'" 1 
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Figure 19-9 The elfcc: ut chi pat: cm oi" w;r:anon ir. soil produce uv on the 

d'Lu^ncss of [he ;j;ti*c de-.^n in accounting for cnvirjumentil variation 
within J replication. The Lutice uould be more effective in replication I tr.an 
in replication 2. 



design cannot adjust for dn;erera;e> in productivity within a block: rv.erclorc. it 
would nof be as ctfcaiv-* m replication 2 as in replication 1. 

The effectiveness .it ]u::icc: design compared with the randomised com- 
plere-bloek is expres^d ^ re\u;\e efficiency Relative efficiency is computed 
as a ratio of mean .>q.;are- Mr experiment error ot :he two [>pes of design. 



(2)054 
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efficiency mean >qu t ire -or error or randomized compicae-im^n 

The ratio is used to determine 'he number of replication, that would have to be 
^ed wiih tr< random, zed compete block to actave a precision sn Jcxctins 
dirsrercr-s arnonc the rr.e uv -cno^oes equal to tfiat with j laruce des^n. 
A relative eftkieiKV ,>f 15') percent indites :fcat 50 percent more replication 
vvuuid nave been ne^cd with j randomized ^mplete-blw* Jcsigr. man with a 

lUtf.L'd. 
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^ .... „ M..i,n .hffcr in the Ifcxihilitv thai :s po>sink in a tesi The 

1 !U 1 v - ■ , . u_..' . *i v». nr^ n*r- 

. _ 7..^ nt^ietc hiOC K C in uC*\ T.in^Cj J'- aiij. n^.^'--- — .7- ■ ' 

l.^ti^ The lattice dcM^n require* lb* a >pc-itiwJ na..icu , - , , 

S J or - 4 ,enourev There is no restriction in i ranoomueu Lu.upLt, ^ .o 
t ^/ad id* of a replied. For example a rest w*h 72 emn* COU d 
£ p "A d 8 piotv ton* by 9 plots wide or 6 pi* Ion, by i: pints »,de. The 
' -' of repkauon fJr a particular number of genotypes ,n a tacc is no a, 
nt.apL ui i.yi t n bn-d s p!'^ Umi: bv 9 plots *ide. 

flexible A lesl ( a ] t H 72 eninC^ lpukj cv ptaru^ r '- - - r 

no: 6 plob mn.'- b> 12 plois w.de- 

The randomization ut art .xpcni^n, .nu v~ ; i - uc iri ™*i:nr 

f th ;. , wr i ; d-v hv hand, bur not if done b> computer . Con^u pr^ar,. 

an* ^i'^ anjmL i.n-. - - - 

EQUPMFNT FOR EFFICIENT EVALUATION OF GENOTYPES 

The -ffciew valuation of a large number of genotype i> important to-: s en«U 
,nL " !l " , , . „„ ~,ti.--K. in.-.ilv-fd in ihe development of 

unp.-.nema::, Plant breeders have been aai.d> in.oiveci in tne > 

luLn^rr mat perm.l* them to evaluate : r.ore ger.or.^o *uh equal or p.^.e. 

{.uui^n.cit, uid, t ^„«,- s r n%rn simple band 

quaU:> than vva> pr^umsly possible. Thl ^u.p n.m r... i 

ilr\i'-es to soohisticaied computers 

EaV cro P n*s uni^e characteristics that influence the type ot equipment 
U s,U Even for a certain crop, breeds differ a> to .be type of eqmp^nt they 
n-id r desirable. Here only a sntaJJ sample of satiable equtnmen. v,l 
t to iiiu.tr.tc ho. large n.mber, of genotypes are evaluated by plant 

brooders. 



Preparalion oi Seed for Planting 

The main rxps mvohed ir. preparing a field experiment include pekaging the 
-nd Pla^inc it in the proper arrangement tor planting Computer, .an be 
,.„, r ;^ nnd assisn clot numbers. The computer system ^ 




i k-Lt- I ^ LI'— — * 



"th- niot number, the entrv number, anaomer mior.iuuw.. .«> 
ThVpio, and entry infurmation also can be printed on pages ^f^^ 0 ™^ 
in ,he field. The >,me xxurfc can be done by hand, aut ^\<i ' ^ 

. >f i jVr an-1 uould be more subiccr to hu..K:n crrur 

""" Se : d . rented bv h^nd or bv electronic counting devte,,. it tne number.. 
s £L -ds for I plot i, larpe and precise numbers are not required, the seeds may be 
measured hv volume 
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Planting 



2iJJ 



Suit* the w m, number of ^. The >e,-d i> p*«a W . ... ■ 

P The~r,bnter can move through the fckl -thou; Mopping, t. a ■ _ 
piacrd in a container above a piinnnj cone. When the row «,to *P^— 
Lrmer is lifted and the seed drops onto the pian^ cone T»o typ.s ot uhw 
a ' ,Ur ' s ... . a , or , -hi -ou For one tvoe. the buie tun* and came* 
1 . ,,v the oittlec. There it i> knocked from the base by a pUc. 
f;1Un , «hrou?h the outlet to the sml Th,> type Of ajnc is use. t™_ 

small seeds that do net mn casus. >uui a> — ... 

m.v,.r.cd the center cor.. The *ed -tills onto j Matior-s.-v 



... -in-' 



bv the (in.- the outlet. Trie rins arc wil! t ■< re. ^' •0 - 

, . , ...... 4^.,..,. r:,ii si<H suer. as nws/e JIK sovOv-n. 

I, t -d ha/left :ne cone. V. a ground speed, a 

fait(:r for >hort rows than for lone rows Admsm-ent or the sp L ,d o. Jw 
rotation can be decompiled readily by several mechanical syvtcmv 
" While the seed for one plot is bem; planted, the seed tor th, next p.a t.. ; 
0 u: in the container above the cone. There are a number ct *^o^^ 
'whe, the comamer should be lifted to begin a p.m. wne wa> - — 
bconnin, and end or each plot in the field betore plant^ s art, vVf^r. t,. 
planter reaches the be ? ,nr.in S of a plot, the operator Utts the cor .^r. - ^ 
or -K-"O0iealIv . The advantage of this procedure is that me loeanon ot .ach 
Diu ; .-an be iCentmed as >o<,n a, planting ts complete The second 
a cable extended acro.s the held ta ha, knOOs spaced a kn,, U • 
between knobs ,s equal to the length of the plot and the alley For plots 
have ro^s > m lontt with a I m alley between them, the <noos ~ou,u be >pa^o 
6 As the planter pas.es bv tne cable, the knobs s.na, .hen the container 

should he lifted manuallv. or it activate* an electronic tripp^ Jevtce. The ^ . 
It-ved af«r each pus, acres the held. ^ o. the cable save, urn* a- F'-umi 
bv *liminatin. a th* need :o mark the start and end of plots manual.y. 




Weed Control 



W>ed conrroi is accomplishcJ bv the use of chen.ieals. cultivation, an, nanc 
weeding The . hcrr.wai, jenerall, are those applied for ^ control -r -oj- 
merctafnroductum of :ne crop. Caltivacion equipment may be especu.ly des,,ne, 
V use ,n research lields or ma> be the same e M uipment used :om,n....all; . 
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Preparation of Plots for Harvest 



Trimming of plo:s io a constant tentirh More harvest is done manual!) or with 
>peciali?ed equipment. Plots of small grains generally are trimmed to a constant 
length early m the season when the plants arc about 30 cm call. A rotouiler or 
mower i* passed nloag the end of ench plot to kill the unwanted plants. The 
rototiikT may be mounted on a tractor or maj be a self-propelled unit that a 
person wa!k> behind. Plots of >0>bean can be cut to a constant length with rotary 
mowers before seed filling begins Two mowers are attached to a pipe so that 
they are separated by a distance equal lo the deiired p!ot length, and are driven 
perpendicular to the length of the ro«s. 



I— I ft iaft 



The most common type of harvester for the measurement of forage yield in the 
United States Is a self-propelled rlail chopper. The machine cuLi the plums with 
a rotating Hail that throws the cut portion into a eollrciion point behind the driver. 
The plant material for a plot may be collected x a plastic container and weighed 
on a stationar. scale s*r up in the tidd. To eliminate the labor required to use 
containers, an electronic scale can be mounted on the machine. The plant material 
is weighed and then it is discarded into a wusun. 

The uan est of plot?* for their ^ceds is conducted with three different pro 
cedures or tvpes of equipment One procedure U to collect rhar pan of the plan! 
lhai bears the seed, weigh it dirccth . or Carry it to a stationary machine for 
rhreshinc. The plant parr ma\ he removed b> hand or may be collected with a 
machine, such as a mower with a collection basket mounted behind the siekle. 
The harvested sample mav be threshed immedialelv or dried for a period of time 
before threshing. One popular type of stationar,- machine is the Vogd thresher. 
The plants pass ^enicallv through the machine us they are threshed- For a second 
type of srafionarv thresher, the material passes through the threshing cy Under 
and falls on a sieve '.hat help* separate the seed from the plant debris. Air is 




spccihcalh designee for small plots. The plant part with the ieed is gathered 
into the machine and passes through a ihre>hint; cylinder, then the seed and plant 
debris ure separated bv sieves and air. The seed may be placed into a bag and 
* -,•! ,,r m ^^"m-.-d i'lu'^iiir.telv .md discarded Seed harvested from self- 
propelled machines generally is more subject to mixture- than that harvested 
with a stationary thresher, 

The third \\ De of equipment is a commercial combine modified for the harvest 
A commercial ami i- used onl> when the amour*: m seed r:ar\ e^ed 
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Data Cottectton 

U.ualK a number <>r" character* .ire rre -as si red or: each plor . *udi ^ height. 
sLindiirr.licy. and yield. Tne data may be recorded in d held buok. then nunuaily 
entered intc the computer tor statistical anuly^. AitemuiiveK . the iniurrti^ion 
may be recorded in .in. electronic data collector and transferred directly to the 
computer. This, time und reduces the possibility of hii-uni cnur. Plot and 
durv designations also can tv reenrded on kibels that Cur be re;:d into the data 
collector bv an electronic scanner. 



DatJ Analysis 

r„mnMr,^. U-ilinr/ rhr^ selection of lines bv sumrruruinn data in whatever 
manner is bensriudl to the breeder. They yam m\ c.Mchmvc amount or time, 
minimise hurmn eror. and permit data to be >umniari/cd m a short period or 
time 
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Ion D. Seltzer/ Chongqing Xk, : Define L- Wright and J. Stephen C. Smith : 



Accepted i'or puriU^^rujii Nhu'Lh 1 !■ -i*n2 



AB5TRACT 

. . i i , . r ;- ....... i. Uw l-wjv an'! ;tnpti:.uLf;n> <\.ic.\ x< rhtr 

D^nru^.n of p.renr^ « lund^c-r^i to ir,, ^ ^ h.^y a.u ,V 

number ol hv P ™,,bblc loci and mismatches of alleys ih.u can m- ,.i -v I, 

error ar.ri ;lm t,n .on.ra, cxclus;.m>. F^h.ni.oa. most ^ of P^n^c ■ - h ^,; — 

, ° 1 1 . ..u -r....^;, *««M»un™,-iiv iriolcw thereby precluding uirge-i4.uk hhm.>» 

tr, mr>nii! iSC!li:' it!M!! 1I."I!UU ) V .iui.uu,v r ,• i - - 

of candidiw^ u-htrc dure maybe no pnor fc nuVMtci#r ot paanr^e. [. . ^ ^ .. ^ ^ ^ ^ 
riorr .„ rnt - p „,h,h.lhv of lu.Liun^- in ri.am.yaiK^ whor* me:* * no pn-r *no..,e^e ! ' r 
rh.u i< Hie t'.»o.- i^i;.^ d,:r» or '"^K'j c )" :; • W '" F^' 1 ' 1 da: '' :vi> 

^Si> mnizi: iul-0 -i. rl..u v { k prorti..,! u,in 0 hO '.::z\\v.\\ ^ 



-■.\ \ trw\-i k\ 



DETERMINATION ol" pitcu.T^: is fu n da mentu! '■<■'> 
the study wf rcprocii^:Li'.« .irui bcliavioml hiulo^ 
Thr incrcaiing ^ilahilit;. of highly di^criunn^n 
netic markers for :nanv divcrit- species provides the 

-i-ti-i >--\ ...%:^'»'>i' '-^ >'- .rfvn/r' inrliudi.ials :it nuiiK':'- 
DUlCll LUlI ll> i.m n< i • ^>' t >.> -. - — 

oi.L^ loci and to iiiiiirnbiiniuusly resolve parctvLuee where 
genealogical rela ? .ionships au.: unknown, in ei u» , or m 
dibpui.e. 

Idciuifif-aiion of pujniL-pro^eiv-. rehnionshipi m wild 
oupLiUuioi^ofaniiaJ-and pl.uio prAidfi insi^hu iti!.D 
ditf succcw of vaiious rcpiodu^Live struw^ir-^ 
M KA\D 1934; Smovsk And Mkat.hi'k 1994; r\j,ni-KsON 
^ al 1099) and !ms rillov-cd tot tbe implemeuUiion 
ot'm;t:iagement prr.^T;u:iN u> eo:isrriTr ^-netic diversity 
(Miller 1^75: Rannai v and Mot'STMM 1997). The 
association of peili^ree wiih ph'.sical appearance or prv- 
foiwance n domestie:ued ;mnr:a]> and pi:ml.s allocs 



,(.".():/. andTHM.i kr 1908; Primntkr at. t>000; U'hitk 
rtZ. '2000). 

Most studies of pedigree huve utiU/ed exch.;bion annh- 
sii where the molecular mat ker ^ nolypes of either one 
o; a i-estriaed rtumbt-r of potcmi:il Triplets ot'off^pn:ig 
and putative parenrs are compared. Often the identity 
or tl;e mother is not in question: the maternal profne 
is submit from that of i he offspring and rhc deduced 
paternal profile is then compared with amdidate father 
^•tio-vpei (Eu.stran;; l'>4: Ha wmv- ,i\ ai;ri ^:hna^L 
V.'$5). [ndivutuals could not havf: contnbuu;d the 
paternal genotype are excluded; the remainder are pos- 
sible parenr.s. NanpaternUv in humans is gmeralh de- 
clared only on the basis of exclusions exhibited by ^ 
Irast two unlinked and independent loci, Th* entction 
ut'ct.'CclLision reduces the likelihond < f f a false drrlantion 
of nonpaternity on rile? basis of nunkrr results [hat are 

m i ^. ....... ^ .i i.-^i-UIt-i tli*. t\tv.'l. V!7'T"! V Hl'TN ft 



idendfied (Bowt;i:s and Mi-.ull'K'h UJ97, 5tac d 
109s- Vankav and FaoH\ These applications ol 

a^oeiative genedis faaliux l;n thrr pro^rew in gonctic 
imprnvcmeiR ihrou.gh breeding. Ksr:ihiishir.er.C A p^- 
cntiV?r- is ahn u.^eful Lv> iriuif Ic-r^l rights of t>unrHian 
snip in hmna:^, to he.p prorn r intelleetuul proper^- m 
ular.t earieticb, lo validate heced prdh;vees ot dv;me >:i- 
cated animah. to po>nv : >:-u,> of hsh. and to idcnuiv 
provenance of jr.eitt ih,i- » a\alabte in *i.tpc:rnurk<::> 



require exclusions ^t loci or, dii'i'rrrnt chromosomes LO 
avoid erroneous concltisions thai would be made due 
to nonfunction ai nvnoMS leading :o unipa'en:al in- 
hc::ii-Liicer. A requin-r:if ni :or a: \W duee mdependenr 
^xelu*ior\> to dcelotn nr»n paler :u". in hit H" ;.: : i > nils ai=o 
heen immured (Gln.x 1997!. In tfurliei ot uaLu^l 
p.»nuhitions of animals or pl;m:s wht-re numr.rous pat- 
c:)I-piov:nv tnpicLs .-.re t .v.!mincri -.l i> usi.i.l :<> accept 
:\ sin^lr ^xclusioium rv^ti: as evideia:f ot iioup:.iit»rniuv 
i'\tAivSH.>u ^ <il I c j9-S». Pr.eniiiv -.esiir,^ ha.s been e\- 
■ .i ... .. w.l i icoii] i i r f i c ■ r oare'U 

J'llC^ll L'..- 'IIV u »i i.- oil-. ■. - - i 

ll:Ul v ;i ;l.>bK:. For eN.nnpk:. paiernhx tan -t'M V ^i-- 1 - 
!ish..rl i:i un^taoec's wru . re the pi • j.-i ! : - hitl'.or i> ce- 
, :-,iM:d 'Hi! p;irer.:s arc ,lill ali^v : 11 1- 1 MlNr.N n 
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Vi'M- [iiifKM !' »')'-( t H\K!i\Hi!K.|V rtu\. M'' ,!i >i 

iU ■niuusti\ut: li i>it paa ;ti;;\ tan in. dt ti.p:iri<::l iti ca^.s 
where the mother luu\^:I;iI>Il :<u te^im^. L\-.'< 
ol. i 1 , ^: , >; pamali; i. ' "i^rr.M :i <l \iu- l>\ V pi-mie • I .. 
nihmv-' vitio»dilc uncni '> ■..!<■ pmftl.e< the in.. the: 



I £' - - - . .- ... .1 \ f, w I II I. 



U^a) report that reliance upnu e\adn^m aioiu* 
usuahv failed - ^a;;d;;;;u--K ,,^v Vf ; rj:,.^-ni:v. Li:-k- 
tjuons have stemmed from ihi ti-ie ot .m insLjirkaeru 
number of independent hvneiTariybh- loci. Other <taLis- 
i!:c:hocis ,irt: thereto:*: requital to calculate the 
likelihood of ontcnuu-' for each n« >n cxcI'.k.Ilm 1 male 
(Bkrrv and GtisseR 193b; Micachkk lOttti; Meagher 
and Thomi'SOM Thompson and \Ii".ac.» hkk l f J.v: 
Dlvliswm/. l(W?sBt*RV 19^1). Marshall, del (L9 tJ S) 
draw attention to the quality ofdma that is encountered 
practically in genotypic surveys, Mainnal genetic data 
ni;iv or inaV not be a v ai tabic ti;u. l may be absent for 
so, -no candidate nva'.ev data mav he m:- : .:u< IW smiuc 
lud in some u-dmrlihus, niiii alleles es;s:, and ^ ; [ • ■ ■ ^ 
e:io:sOCCUr. Recoup- s run- o: vahdadiuj; the pedtg>-e<** 
of varieties of cultivate d plants. of*t n [uovidcs uddi a ona! 
ehallcngrs bccau.se their phvlogrmss can reveal appar- 
ep.* exclusions lhat masqu evade as non-Mcndelian in- 
heritance. For evimple, apparent exclusion* can occur 
in circumstances where ar. individual is used as a parent 
prior to completion of the inbreeding process. I'he de- 
velopment of parent and progeny Lhen continue on 
paralle l bur separate tracks their by allowing the possibil- 
itv that alleles thai arc suhsrqne.iuly lost through in- 
breeding in the parent can soil become fixed in the 
progenw It is" also possible K> create many offspring from 
a sindc mating and to nst the same parrni. repeatedly 
in ''backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar; 
pedigree*. The efrecuve number of marker loci thai can 
discriminate between alternate prdi^rces is proportion- 
ally reduced ai parents are ine^riLMn^iv related. (Jonsc- 
nurnrlv inbred hr.es can be more similar to ont or 



i!, itudrriakeM »vi in'fh. :!i.i< -y.\ r'i< ».• hin«>rl par;bi f - 

■ :\ <- v -..-.>:: i" .pula'.ivn 

tU r': t f iiL l l .)9i') or on spfue^ mil!! a.v dif uomhat 
:!.a' ai'e di:"ii»:v.h :<> ob>e:vr i:; lii- mIm ' I \ V. <:U 
ojMTi. 

Two caiCLUUiUm.es favor a if.:v ■;! :':'[v-;u.'i to toe 
>f;ri>:ii'.il anajv.sis «>f p^h^ree r-;^- iu. .!t-:.ii!;ir marker 
inJiipT^c-; are raptdly devel: >;rm: ar.d 'a:11 allow n«> 
mcrt-u? ; ot"i to be L\ped for dwui.imU or u>rl:v*.dua! > 
rapif'.'.v :.mrl inc\Dr:i.-ii;r:lv. A ^n.-att;: :ii'.mb^r a:ui iIi^l;- 
sitv of L:: ^er-^;ale studies of pe'ligr-tr can be expected 
w : a.h:n :l;ep'.a:u and animal kir.^lom- mca-im^ mchitl- 
ii^ ai -*hich there is no prmi kno'vled^- of pedigree. 
A larger number of markers mean a ^leaier chanc: 
for errO:>. Therefore, the second eic urnstani.r follows: 
Procedures thai are efficient and i-vr^'ot ;T i :.he face oi 
apparent exclusions, missing daia, aiid laboratory error 

— - - ^M..< ■ I I f>f~l 

at L l^LJiiliCui 

The purpose of this article >s io docrlbe and t-valuate 
ji :iod;.;l'. s '^ v drat car be u.-ed ro criant ! p ,- »^b\il»il- 
.'-,f n'iT'i'ni;iOh' of in h rid '/i-r-df/ui v. \Ve l«.»cu.-. on p;.ir- 
cnuu'e beanie it Is thcpr.m.vy ru> of p ! .ibh;r:r:d Jiicra- 
ture and ic is the eavesr level of :i:i':t>u^ to uv.de: .'"and. 
The method is robust in the fur.c of muiadonv p^eudo 
non-Ntcndelian Inheritance < ^ppatritt excl>.;sK>n<j due 
to residi;al hclerozygosit) in pa rem a! need sources, miss- 
' UV j clata, and laboratory error The •nerhr^oloev has a 
number of advantages: (i) It can .icrommodaLr lar^e 
data^ei-s of possible ancestors ( hundreds of inbreds or 
hybrids each profiled by >10b* inarkt*: loci), liit :t does 
no' require prior knowledge about eiiher parent ot the 
hvbi id of interest (iii'i it does not trqu r-r independence 
of -he markers, and (iv) it can succesTnllv discnmmate 
benveen m-my highly relaccr.l and ^i-m tic ally ,im:iar ge- 
norr-pes. We demonstrate ihe effi-ctiveness of this ap- 
oroach to idendfv inbred parents of maize mays 
[..* hvbi'd.s usm^ simple ^equer-a.e : r.pL-at : ^<) marker 
profiles for 54 maize hybrid* together ■wiih d»eir parental 
and grandpareiu.al genorvpes includet.! amon^ a sotal 
of inbred lines. The methodology is applicable to 
the mveidjrauon of parenui^e for ail progenv developed 



one or ootn oi meir pa:r^i>- 

ft has not been iasua-1 u\ search among hundreds ol 
individuals to identify the most probable tnaLrt nal and 
paternal candidates for a specific proijeny Most studies 
of parentage are in circumstances when; theie is pnon 
information for at IcaM one of the parent 'usually the 
ma:cind parent;. Lit v. fed availabilir- ol "marker leci ,md 
the lacs of ven - lii^h-tho m^iiput ^eTioivpiui; system's 
otiei:;in' inexpensive ^acaot.'nii. ros's niay have focused 
reseanM on Studies d:at myt.be :elati\fl\. :ew mdhiduals 
and w'nere thevf ; > at h i-; -mvm u lc^-'I uidiramm i>r 
rjar o'U •r£c Studies ;nat k.a^e lin ~u ducted walun.tL ; 

: : i foillia ' : i n 1 0:\ "jarei Uij: 1:1; lude speces W'ie:"e 

leoiodactive |-jeha\i'.-t' - I'liiiei^ iUl i: ; iru .:u> mi of ii\c t:u- 
InUai i;a:f'!U ell ! tic a 1 f . o\ yi^-'&Af t'vamuks and'^le 



\t ATERLALS AM> M l-.TH' »Db 

Al^oritii^- C"'"«-:m r an iud?\ h.vhud »\':oi<: ^irrnUi;>C is 

u;A;i>->vn or m di^purf. Inbred> iu nil «i -it'ie i:ljrVn;-Kf aiC 
|H-oib:- iuiciiitors of ihr hvbuu. The ■>' > Jv : ••••<- is to mic the 
pr'.fj* oiIlucs of cioses: ancestr.- t'r- r;n '■> ichre.'l on me basis 
i.il ii .aJiiiiJiT'or. from SSIo from ''re nulf; h;.':--iift and the 
:n?-.:rrU Tmc i C :> i*<"> : cAior: C r_J ■ ; : i : i 1 1 1 i'., 1 :. '\i-c l» nmovi:i4 
•ni t'Y-ris 'hou'^iu ro he sinrcLurci l-i :n< ::a'> ^ r'vb: a. I becrmse 
ri.r'.; '.ac i cka: .a1iS.,p '.v,'.' '''f .- : >;'rv ;m ; - 1 

/ | 'tiv .> nutbifU s|>*'ci;'.l \ii Lin . o.i-i. e.lai p. w .ls ail 
, : , \i - t :ir- tre.iHM I ^ i n : : ■ i ' I \ . f:i'' pi • >, : ' ■ c ,y i i. al>. 1 11 ' : 4 
ih' p-.Or./Durv i:»;U ;i'ihi r(N . aan . .m : 1 mi 1m V, h: :^ ^ .UK'esny. 
t r:K-..lii<^ '!l,s f ii ,l!l p.-r- I' .i: ! 



t lira l>:i.\r. 
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[V.l-.thil; 



I Mil'.'. S-si 1 . 



si ; 



1 1 , i 1 . t ■ ill*' 



! b : ■ > 1 1' » U • ' " 1 | • ■ ■ 

a rlw lud.-s h\hiirli:i\rHil.t iuk.rma- 



tii.it / and / .a • am ! 11 . 

i , ■ , , i,., ->r.;|j rv.li.i of Hie smi)'- cu-:r. fm.i.i 1 - . 

/■"SMvSlf. /] IN I ">< prm ilnin.' '.'i <.->'■ - 

r.-o.h:, it in rae< < ...id . .uv -a Mjr-ims liars' rule v«v- 



^ho'C rhcuii. i!i the: (Ic:^"!:!!.^! is >*;r ill pairs -;f mlecck 
iMtlr SCa hv / j and r /'(^R<n. ( M * r '■ /: 1,1 ^ 

^ -he dHinmiiutryr. (T<> COmpme the donorm, i;:[*f in r he 
above expression, f. :i p.mieular ordr. lu Hit »»■■>: rds - rh,- 
database vUi'.> 'a^ « -• * ! - e.v 1 -- 5 '- ? r 

t .) [f there arc 3Sb inb-'edv for example. rh«n chc nu:n;ei 
of pairv ami lh* namber or tenn. in Uv denom.uan >r » 
3SB(5^")/2 - 17I.09L ) (nbrt-ds < and ; rrav he parents m 
amndparcnw or nfber i>pe> of relations or bear na rclanmi- 
Sh-p at all in :ht hvbrM. If '.here arc more dian ;v.o .mk^;o'^ 
in the datable, such w b'.uh paiciv> and all lour ^r.n-.cpuf- 
cuts, rben :hc pn.^iblt p.'uri nv»uiving 
— nera'Jv h r.-e r >" dost prior piobab.lirifs It f.ho tv- 

brirr^ruc paven.s avr'n ihC dciwh;i«v then m r. p.'.ir thr' 1 will 
Cv^icvUv h;v.C the hi -Hi. cn.-:'l pO«crioi |-'.-m| u 1 m.:K. I! -'^n 
/iU.d /'luipptn he fCbuM u> wit p -i ^ Mur P-«-; - : .'^ 
i i .'i a.-.. -» iVik ; i nnsrtrncr 'Jiofc^m.'.v Ik if!,s 

bt-ca-jw tht-v will nor ^:U-' nccouni fo^ nviiv. ot .lu. 
Th;u are ranli i'DL-rtH b% the oti^-r p irr:r. u! itn: b\Hnu. ^ 

Wr will m^c iho "nopi .ur-mfofninfioir ^unr^r-Mi 
Pfu a) u Che same for ^ p;iirs f h. vl 'ThiK implits tlvir t:va 
iacio^- is cancelled fron\ born nuincKitor ar.H Ht!nn m mn;or in 
tlie ;\b^v« expretiiijn, r r\t.\ r\ 

T'-^e problem is chen m calcuiaic n Ufitt .il ASSKjii. 
inbred* ;;ind;.ir-:l>othu:iCtfi[or5 UV ralruhi'.s frv: pmtv.l:ii;^ 
of observing the resuli'r^ hvbrid under rhm assumption .\\c 
m?Rt: no ai5uinp:ions .ihoui rcUiLioi.slups nno:iv ; «.he .aiu.n^ 
inbrcds Other possible ancestors ml! be llTiSh:" <■•■<, '! nnpl.cidv 
in the r^uUuci by .dlywin S their idk-lc, io h-: my--^o 
through brsedinTs wivn / ind ;. Hou-<rvrr, ihc nature of snui 

biee-Jm^ is :iot ipee^rrl. Support inbied alU:U-^ -'.i-ti 
b). F.:ieh dc^ccndunl of inbred r receives one r>f lh«rf r.v<> 
alleles or nut. An inirnediacc descendant recedes nnc u-'.h 
prubabilir-' I (b.imnq muuiuons), A second -eiK'ranon de 
scnidun: rerrives one of them with probabiii'y d.3 .\nd so 
on. Since drsrer ui'ancrsm (if .nm u unknown, w iabd ihs 
aca^l probabilirv of passing on r>nr of diese rdle!^ to be P. 

c:.„n,.-l,. -*M.»1r -mm inh:'fH f h.is HrtCI". l>:Ubfd C'O^Tl to UlC 



:( . Sa-K h. :h: idennlii'd ■ .iuv iln-\ 'Mil n>n: 
i; n;.'-nvitrhr. > -t r!n- lin . '.hm-I.-h -i 

\\ t(( K , im .! j are Ln^t^o.'-'s ^''u p :>SMr,iilfU:s: ' 1 ; 

i 1 i ' , .... , ,/ I T i i r hi ( > 1 * • I M ; '1 

f'if /Uo!e^ ot mniv t ^ f ,ihm |«m ^ ■■■■ ■ ■ ■ ■ 

p e -il / cana i!-,i.>M-b b.n n.>; inbi'.-a .'. ml'^r-i / 
c'rne r ! ,n,u^-. bur f.-,r inbn d e-Ttd ■ \) 

[.hui,:;.!. Ail..-!. - P ■" u m r ■ J( 

, , K r,. i - V\ l>! I - / J i. tl - b» fb.e l )m- /■ 

u..vi. ...i Hif rest- pr jb.ib.hut.^ iv,".." : _ 

nsurce of 'ne L^- of '("-d pr f >bab.h \ iScC. j..'. IjKK.R^i 
pi'ioi .s tiii 1 .'. me pt .jt^Jjti.ti ..if ■ - 

r v^ r rer-rr;: -f -.he ccM\ri:h.jnid pn.iMu;li:y o: ih"* ^'.i o [V ^"' 
tbr a >ovt four tascS. (be ^impk-si of :h< f'-ur Cases is the 
Ttrst possibilin: A^inrii^ lb:; h-.b. id's allek > ^ P^ed di^ «• 
direoiv from bo^h iiibrtJ,. the pr-^bili- ot obsr.vm? the 
l r .b|..i ; - ^n:ML\pe i> i::r.l^r 1 eu 0 depending ui\ whu'thrM rt\<> 
hvbrid shares bu:h mbr-dV allele.. (It rspci;iallv c*sv whrn 
both .nbrrHs lire hOinon ^ous. ) The uthU" ^hret: ense^ require 
an as,uiiiption rcg^rd'.u-v ill.; po^ih-.lil> :h..l nn inbit.H > ideie 
ii nor pa^eel to ;hr hybrid bm is inrt^rrupieo by a nuicnm-.n. 
a labonron error, or'mten'etniiLi orcerini;;. ^ rr^u-LUnefi 
ai: aHele as beuie, stiecxd bam :iii knuwM: nl^itis^'nn pro 
- • /.,. ..-u.. ",p.,n M ;^.<\ i.-h/.r.- 'h*- ni -nher of alltic^ is i.he 
n-ti! :v. , n:l-i r of 'd!e!e< in>vn n n-x'm m d l"i.'U^ ni qMo^lv 1 ' 
An roi-iinn'r if.piWiCh w;v.dd lu: 10 v ^ rh- ull-.li.I pi'npu. 
t! nn, d.a^ir, prr.vjnt .n the chr:in.uo (cm in ^noriit;: c:.v.;>n^;rj. 

|-io^'*vei', lj >. j . i > '■ .1 if i-^ 1 - v.s^i". - , . . 

leutf d iror.i popnLiuOn for C<nnpk. line rhat lu^ he-r. 
bi-hlv n:>c:d ui breed in- '.v(>uld have mr.rv d C nva:^e linei in 
the d:iTi'.;y;iSL, m which case the frequencies of 's =dlelci v;ill 
he oninciallv ,n:l t ited- VsMiuun- equal p. obabdilio tor die 
v:tri n;S alleles a: i -uC:l locus is robust in the ^'^e th.it :t ii 
aOt M':'tt::Led bv adding auC dropping line'- from the datable- 
There cue irianv cav:i to co'i^dtir Wr.v ■ conipuiing th- 
. .. . l:k^. . r .>>-.. o.^T^r •» ViyUr-^'s nll^los. dt*ue:\dine en the 
7vcms;'v of the. hvbrid and the mbreds. and nltoning tor Tie 
ne^biUrvot nibsinsr.illKlci or "extra ^h:W in the .^es.menr 
of lK hvbr:d and inbred ^notype^. I hese possihmnes nrc 
too nnmeroui to hsi. luitead we gne rhree simple rxLinip.cs. 
\H ri-' example-; hnve h. .iim/.v^hi.v ; ,:ibrec:\, the inos" eommun 
rase. And Lr.cr. of 'he rhrcc hybiids hut t«o alleles, a-ain "he 
mo,t -onuuon case. We supp^st: that the me isured allrio for 
rhri:r ssfc, an d a particular trio of Lvbod A.id ancestor mnrsds 
nrt? xs wc biv^ mdic ued in Table I. 

for SSR 1 thcr^ ire three known Mle'.c.s. one ill addition 
i:, ahdrs a And 'j -hat are li.s-eu lor the ;hrer lines hybrid, 
mh^d i, and .r.bred ia Tablr 1. Fwr iSR 2 and SbR -i 
theT are :»vo knoun :dlelea in addidon to Lhosc a.ued. ihc 
r^culation^in 'he right hnlf «F Table 1 will now be explained. 



CO0?idrr T = 0/>0 in >uUie of the r.-ileulanuiii. 

Assuming F ~= 0.50 is conaistcni *v t h rhr < ime^ AiKC^ttnS 
in the database bein-r grandpureiita. However *t MC no: 
inrr-csted in ^anctp.n £>YJ> ^- If die lIusch .merrsUJiS in 
die doenbase were navrnti :hcn .15 ind^aled abu^e P -r.uiud 
equal 1 1 (ignoring mu:?ri.r:s and laborntoi-' rrrors. Ovr pri- 
inai^ ronJern iswhes. che parent.s arr not in the darabase. In 
dns G^r Pis nu ^entrr than n aO A^:rum; T " <> ;,0 is robu>t 
over rh- .u:ddle -aii^ e>l po-vs;b!e v a! lies o'" / J Oi:e 
.vhich it. i> iv-ott- is if there may br- iiui:a:':e.iiN ar.d lab- »;a'a:'^ 
etrreis. mi wh.ea .r^e t wuihl, -ui l r ^ ,n i. i \ 
cqi...' U.3M te^ir., little penab arm s'. . pa' :a ;ilai p,;: m w:^ h 
tt*.c"'<" an t :pi >-n n ,i <. v. " ■ ■"■ r 

r tKi;tr o-.j r.r < \ me.M^ -b.n if 'he L: a-.' ,>n-;-:rs ..it n^ 
the :la:..b)M* .htn ^e'. ^'H h. r..:«;d <>el :f ine:r :up:.e:i 
id iabovaa-n tan>t.s ;ln ; l: .srst ; t u e- 



:o nr ih-'mi ' : '■•us a no ! a 



in the d.i raba.ie are m .'M i ( i;u*ie ;lu»n ^-m 



uIlkuvulv r 



inbieds / and / are anees:oi^ ".r .nu..u, v...,.,,.,-. - -- 
Tu - asc 1 abu^e. both jncesuirs' alleles h^ n^uiured by the 
bbmato:> procrsO are assumed "O paes to che mricN hvbnd. 
and so in this cik rhe h%bi id ii neccssnrilv I hc probabd'rv 
. .- . j. _. rrv ;., 7 ,j, it? tl c'U?! h'-'hrid's trriionpc >s I l'.>r C?^f* I. ^ 
i'bowri "in Table 1. In -.aSe '1 we as5un;e ihat inbred m a lele 
n isstS '0 r b^ h\ bud bn; inhrrd /> dncs not, Indeed [he hyb: iG 
ha> -Aua allele The pTOhabihcv of oh^u - a b :i- die other 
r,:lel t i i number of ;iHce<» - l/'.v ^hnwn T Tauie 1- 

C.:^ lS hi h neither nnri-mv allege * P - Y '* 

u, -he hvbnd: the probnbdiiv or ub.eivin.? rru: ie>bnd^ ^r.o- 
h.e" t **r'.:r. -roui ie^r.fv pr* * ;s _( i. ->» « i ■" ••• 



"i "i i r ; v -'^ at all ' u;:v,rw.i;i i- " 



ni ofi^mht'. :n ll'te 



n,-|,iin^i roli'.iin; \ 1 . ■ dot m ih.i Minuie ;r.(i';.^ -n 



1 1 1 c ■ . ^ j n i 



icd W. Table ! 



For ^i: 2 a -d >Sri ?, -.alei-ladoa. ai- Mimi ir. Kni ^l<- 
- r-,-:e is ^mc- -videilte a^iius: par. " b,-irt: ava'slo;-.. 
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S ! 1 1 



1, \. I'.- ■ !■•■ *' 



TAtflK I 



P r0 babiU.v of ob.^n, a hvbri^ .dLdcs usin, three sample SSR, and four pos»bfc conizations 
of all^S patted, assumm* that inhr,d, , and; are nnrrstors M ihr tnhnd 



SSR. a; Ir-. H'.brid In I) rod. i Ir.hred / 



<//> 



ltd 

bb 
c. 



SSR. - :M[)'r- sfi|Ut;in:c repeat marker pi-ihh' 



IV)habiiio- !.;[ .,»v.t-nm» ; \\< 
\\\ br ■: i' ; m >ivpc* 



( i -.kit' U .5 '■ ■•*">*■'■ £ 



1 . J> 

I) 



L / J 
0 

0 



-■ :/ 

2, 25 
2 



CW.ill 

. . . u . u. . ! ; 



7/ I DO 
2/1 H 



but it is nor ront kisivr. For SSR 3 tnerr i.-, even less cwdenre 
fovoring pair .';./>. k would not C?<C nmnv SSRs -orb cvic.tiKe 
.;^ii-,r 3 r,, rH^r iv„ SSR °> :o essentially rule '.-uc (hi-; pair— 
provided that oiher pans are noi similarly inconsibttiu. 

~- i ,< . ii n/^QtJtl i o TTnilti^T'. "*n^ individual 

(vrcni: .■, - ,^-in>.s Th r rr ;> ro p u «'-Mv r. n n [ i\ , r: , ■ 

rio:^: ;yo:W'' a ldic>^. t'aeh r<SSR!/, /• k:. mnuai: I X "V.o.'i : 
0 and I. When diuc arc a &vjuE. man;.- SSK-^, the p« '-jdncr 

widi corT.j>nE..'J« uudciflO'A'. fcr zic:\ Sb^ ^< -tiuU:|.-l\ 

invei-se of rhe Lug'.-s: possiblL" yath prob;ihilih . D'or CV^nipk. 
si:icr I7;"3^isrbc la:^:siprob;ibiliiyiora htccrcv-yi^M.s , !v. bru: 
at an S5R having three alleges is die ciisi; lo» SSR I ir. 
Table I), we nudupU ill faccon /^SMt/U.. v) by ^/ !T. To 

Cliitiiikttr fciv.ai ^''X ;>ir»hlrm:- luiJci'Hov-, d'-- culcvl^- 

)-.-. / -k A r\ I Tirr .tl<Tc"kf'1 f^f ITT 1 1 H T t! V; ll ^ 1 ill i < I 

f j.\kc anriltj.^i ;he end. 

find . t _ . ,, ■ 

inc- rh:iL lot [hr iiit.M'tcl pan- under consider"* in: u./j. ibis 
sjl°C5 f ner deitumi^itor ill the cxprrssif.vi for f. d.SSR-si. 

To dorcnitiiiC r .0rr probabiliO' tb,U any p^rLicLr.uf .n^r^d. 
inbred . ; is ritr closcsr .inLCitor of the indt\ tn : M;d, sum 
MSSRlf- i') o\rr ;dl inbfcds .vunih -j -•' Call rhis P(dS>Ksi. 
Tl^e mnviTTiuiil of PtnSSRfii for <my inbred - is 1 Kut suKC 
rhere is one closes* nnresior on each sidr of d-c lamily. d.e 
sum ^ ff.>>R>) over all =nbredi i ( .s *J If rhc-r is .1 p.M ucrhir 
onir ( i, j\ tov which / J ( i,;!$SR.s > is close :o I thc^ both ^( »»SSft.s > 
and iP(j'SSRst srpuiaLtri) will ht; dose ]. 

SSR data: DNA w:i5 ttxti-at'icd from .5-1 niai/tr hybrid.-, und 
rr-ii ,^ iiihrrd<; Vll nt' rhr hvhnd.i unci mOit ii'bre'Ji 



lie prohabilic\- /^SSRUi. v) is cnlculatr.-d fui ill ' ^- I^e^ 
I .rammed ">ver all possible pairings in ^hr rintibaiir, in rliLtl- 



i 14); 17 SS^ loci have v.o: yci been mapped. The correlucim-.n 
ti,.. n-,,-. ir « H u :i^r u-id ji t* irrclcv:niL for nur uic:h- 

udolii^ - . 

i ' , , -Ti ■■( r c\Y nniiu'i' » rnat niio'sv stiiuiy tji i-iiljl 
nfhti : SSR Inc.: to be nss:ivt:ri are avaihblf :it webdrc hup 
w«nv.:rtriOh mkso'iri.cd.i. All primers were di'si^ued to ;inn-.-.u 
j:i C[ ,iiiip!il-: undt-r :.i sin-rli 1 set '.A COr.rhli'.)r.S ff:r V< \l\ in 

l':;iC LltJID. V. 'Cit'JUIC >•■' '-^f **•••! -■ 

MrrQ, 3U nr.! KCl. ID iiiM Tr:.s-Cl (pH u-siii^' 0-3 ui'-Ls 
AmptiTkUi Gel<- F)M.\ polviticia.se (PE CorporndoM) oli^>nu- 
rtrolide primer pai:s -.our pr.rr.er of each puir wos fluures- 
cendv Inbt'.ed) -it 0.17 ;md 0.^ ium dNTfs. This miMwrc 
incubaLcd ar O.i'- for 10 inin (hoi s^rt); :unp!inecJ Lliin^ 
45 rvcles of deu^tLiiadop :ir H.V for 50 sec, annealing at 60* 
tor 5'..i >ec. ^N^-u^un 7»' ? far ^ec; and Uic^. rermifijucd 
_ iL -.>• l- (K jo ^i,.! .V ^,\Ler bo:h rhcrmncytler mr:nuf:i<:Vj ''cd 
at Pioueei HL-ii^d Interr.adoral whs used for PCR le^cuons. 
PCiR products were pruned for ekecrophoresis bv diluting 
3 ^.i of each pnducL [O a cowl of 27 pd usir-g a combt'innoi: 
Of PCR piodua.^ gejieriited from orhcr loci for thai S-irnrt 
mnL« genonpe . inu!iiplrvin K > iind/or dH20. Dilation uf l.o 
jjl! Cl f rhii mixturr ro 3 4 1 wich ?e! loading dve was per:erm<-d : 
it was then elecciophnresed l:, 1700 V for 1.5 hi' on m\ .ABI 
model 377 automated QNA s*-qLiencer equipped with M-SZ- 
SCA.\ r soft'vare v. ;).fl 1 TE-Applicd Bios^tkiiis, t'os^r C:iv, CA). 

PGR producii were .^i^^fi .uaoinatically usinij ihc "IcjlliI 
Sourhrrn" sizing algorithm (£.i.i>kh ^nd South lySO. 
.-\i:c: w^ini; Of FC-R products using GrneScan, .illelei were 
signed itsint; Cenoc^por sof^vLtie (PE Applied Biosv^rins). 
Gcnrrjlly. allele xsML;:\a[ioi^ for <:ac:h loCuS were made on 
the basio ot histogram phits cuiisiitiiig of 0.5-bp bins. Break* 
hrrACtn [he hisLomam pi<.»» tit > 1 bp were generally ronsid- 



sou jc 1 1 Jipu. jii. [JiniiiLif /itv _ . . . 

The inbred parens and ^raadpnrivu^ of euch livhnri -.veie 
included urhin the set of inbreds. Other inbrsds dint wcrr 
genorvped in dudc numv thnt .ire- highly related by peili^rc: 
tn pai-'er.rs and jnndparenti of 'bo hibrids. Tin hvhdds wcic 
Chosen occau.se each h.vs a pedigree is kiumn to os :md 
eollrrt:\eK' thev reuiesenr ^ broad an ay of divrr.MU <A riun/r 
^crmpbsjn'.haciJOine:::!;. growi :n the United Srarr-s r.m»ir,J! 
fmir. eiVi'^ ro i »U" iriar.iriu . 

A fo'.a.l of SSU !t»ri u<;re used m chi> ^f'K'iv : ; >H' V - 
prorrdutL-s 'Jcn. -ribr d m ^mith .tl. {['^ hni -n .dik/d 
I:eiC*ibrd belo^ SSR loei wcrv rhosc:>. i>i: :lic ba-1 4 'ha'. Dm -\ 
'I. ha\f hi.-fii <h-*^ J '» *<'» havr a hijjh pc^vt" nhli-rrmir 



;;h;imm 



h -m 11. f )i :h;:^c 



il.T.C'H .111 I'JIt^ lll.u ■ r . • ■ 11 ■ ■ * • ■ ■ - ■•• ' *■ • ■ • 
i'or a s.inipliu^ 1 -t drvi-i »\v. ii>:' each idiit 
SSR lo<" \ :he [':)'> ^in-: n.milX"^ . u: pa'-'-i-th^cv) 'Aerc U>* 
011 individual i n a : /< rh.i « n:i'.^f«HK^ a^ a-lh"Av 1 !:>. % '-, - - ,! 



dir.^:ed addition of adeiuiic {-A addition) and iiaturaliv 
otXLunTig \-hu alleles, were used on a marfcer-by marker basii 
L0 define the ailelc dic.ionary. All allele 3C0rcs weft mad<- 
rv:Lilca.ic knowing :hi ide::diies of Jhc maiz^ irenor-prv 



Rli:ULTS 

I : i 1 *> J c 2 prc v .erili. ch r ; pi' f '»h:dni li Lv 1 if chases! aiK'cst"' ot 

die iop hve ranking inbred liut-s for each ul .0 nvbncs 
^ f).r>0 (Tink LiAf and F - 0.'^ ;Table 2B) Prol>a- 

x- I. xh.i.^.vT, f'jr al! 7)4 hybri«:ls a.^'' 
r;u':ki:iu: iidn-<U in Figure i : / J - 0.7>0 a-!g\re L ' 



at 



:t "p 



ara: /- " 0'0\ ] <T'i^-i : l 11>.. Rusuiis toi ;hc hvf): ids pi<'- 
srnird :Jl Tcd)h- l 2 aic 'calarr,: at ihc top of figure l- 
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When l:lr liIunH liilil L1>C<1 - <> "id. thr t\*. ■ ■ iO»Tea 
1,1 „, . , i , . .,1 I !,: J v .,- ir t v< -.h ihiliiv :nr 4S 

1 . i ■ ■ ; i - i . r: l- - i 1 1 j ■ • i i c i . | ^ : ,1 iS l> !'">. 

i ko< i hi 1 1- ir:\ i l-j;.Mi: <. I - * ■ '■ ^» " i ' ■ ■ 1 " 

r.KiM.d in I-'O run pl::cvs. T!k' v.^ 

s ,:; M) :...:,f r r riihr:' rv. a M>r ( ; :n'\):\:<\ or :n ;t:i n-.l.'.'tl :iut 



-.vas.i dire a ^r-^.ivot m.U |^<-:u. Ova nil. > 

o|- :0S p-.tirr;i;il uiImv'^ ^-iv coiTea'.v idcntiJifil. f:M 
hvhvids'whru- h-.6. p..r<Tii.* rank-d hr<i ..r ^viui. dir 

. : :■ ....... 1 'II si 

r.Lil'T n[ p:t-lMi"-L;M: s I'M [f.nniLu .Uir- ni.i. 

0 'VX',7; p.ui nt:v 'nu-s r.«;iknv^ srroml r;i:i«jv'l !" !! " 
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h A, b< i". ^ 



[ \}\ 11 it r n t • 



y«. Vl0 ^-ir imm O.'HiW In t).7l).Vl. F-r the .naju.nA o! 

* i ■ -i- .. . . r .1. . ii. ;. r ! , .i -- 1 1 w \\ i': 1 1 iked 

hJ»i ids. r m< pinluniiHA ui u... u-..r. i-*-^...-,. ■ ■ 

. V vnr : . ,- r it::l IllbrClt IVUS ^ itf beKHV r'.-OU. TSli- iii---- S 

th.7da-e i>us li(1 il. vl;;. lirl- unccrta-niv sl h....i i-lo,cst 

^ UUck'iIh al^riUnn used >> - D.yy to e^m.mc c.uu 
of die hvhriris. hoth parents were correctly idtrmineri 
for V» (Ht^: of Iv.hncls and for iin:M(U) or uV 
psoras ac i oss all hvbnds ^Figure I). Two hyb;id.^914 
*rtd X0913AJ, m which one parent was not lunkt-d in 
thr rop two, were also in the subset not ranked in the 

top two ailing p " °- r, ° f:ibovc) ' lM hoLh cuso rhtl1 ," 
ranks unproved* (both to third rank) and the a< mal 

parent was supplanted en <i:i muiLw ^ - - i - ■ ■ 

. r .•jtnATH'l i t i tv r»n rp-n tn 1 lint?. For 49 hv- 

pi'0<*euv m uie um"-!^"^"^ i — 

bnfU, boit'i parent uau piv .j^u,, , ..c, ^ 

r- ,■,,,,■■»<-. \ - ri-.. * l.v-Vv.fU h riving :'t O^.'en!. 

ranking ^amcl wuh a probahiliiy of auce>uy-below 
O.009, the W>we>t of this* probabilities was 0 3«>/<i and 
the highest probability for a third ranking jionparmt 
wiii 0.10'J?.- For most hybrids die probability for the 
third and highest ranked nonparental inbred was lu or 
below F.-lO. 

Table ^ also addresses data analysis in circuir.sLriiKes 

a hvbrid :s scored for the presence of more than two 
alleles per Locu*. The presence of more tbsm a single 
allele per locus in inbred lines i.s an ir.frequenl neenr- 
rencc in wcll-maimaincd inbred development und -^ed 
uic::ease prosrams but is possible bc[:aiisc -3-5% ol 
loci can still be scj?rcg;uing and unintended pollination 
from genotypes not designated as parent of the hybnd 
can nrai:-, For hvhrids. more than two alleles per iocu^ 
can be m ored whm ON A is extracted from .i bulk 
individual plarus and bticuisft inbred parcuLi are net 
homozyg^ui, due cither rn rrsidnal hcierozj'iiosity ur to 
^nnrnWiTuinn bcraiwe one ov more direct pmr-ib 



L IV" >" ! 



;■;';} Uh. Firn, ^e :'efii;f dir it;.:n* 
,) u . set oi I 1 '"' l » -nai dieu v ; ' 

|-V,;:u h >it ■\-.s-) bvl»lid> i.MlT and :V/-KI- and for hntii 



iJrl '.J M: , „foi.e hvbn.: ' :> : ^»." r. All ni die.: mo<i. ln: 4 :^ 
iv.Mkc-l nonparvina! -nbinU wen: do^h related to the 

_ . f. ....... -i, -.M- im ,vm ; ,- riw b\l» '^;>: -ilN i iJ 1 it: J ."- 

rrne paieaw h.m ••■ •• r - • - • ,. 

cnt injured hnt'S'.ycre invoke d Fuarueie i:;: ec: pr ;;-e v- 
r .f Tme parents (one ^uri additioiiai b;u:Kcro»e> 
n'fnn ihe true p.n^t; and rwo v,ere iul! -i^'ers (from a 
cn.»ss of highly related inhr^lsi of the ae'nal parent of 
the- hvhti(l°lJsin-< W> l<X- rt:^.iittd in wf-rec: paginal 
ranking ior all hvbrid^ escape tor ^hvre netthe^ 
parenM'ankcd in first or second place. Four inbred* 
outranked the u»:r part-nts of aO'iV All four nonpareil 
wL-ix- closely related :u the re^peuivr true parents: thrct: 
were direct pm^cm ot the tnu: pare: 1 .: Oi the hybnc; 
(one with additional backti-o^ing to that parent) and 
one \."as a tun sinui -.u 



. i 



■{ in ji ("'at' 



all I'.").') k>u e.-irret'c 
parents ot it>i/tid li'.''.k>. > v.'., air . lu: 

0 [ (>y^ hvbrid remained ranked mw.: hi^-ldy than 
one of tlie true parents. Both -.vere dirtc: proper.) of 
that parent, and one of these inbrcdi had additiona; 
hackcrossin^ vo that parent. \v. us [■« digree. 

Tt, addrels '.he consequences oflaboraton 1 and othet 
sr.uirfts of error, arriheiaiiv c i^nproirabed. data qual- 
ity bevond the lewl originally po.vided by eliminating 

tabii^nin- sccrairio-' where varr,u< numbers of SSR al- 
leles were nor scored) and by rn^conu^ other alleles 
{establishing scenarios where various numbers of SSU. 
:xlle;^ were^enreci ir.enrrcLTlyk We abo combined the: 
srenano> of missing dji.a ;md wrongly ict-r^d data, Table 
<\ cnnuiir.N a sumnuu- of the resdb of making these 
inodihuUions in the data. For all modifications we used 
data from all SSR loo arid we also randomly cho*e SSR 
loci to rreate iub.s«:is of :>0 and ! 00 hxi. In each case, 
the program was run ^0 :imrs for each hybrid /set ol 
Inn When all Vj:> loci vvcrc cx:imhi«fd. rrpliranons difc- 
tcicd onlv according to Lnr paincular choice: ot \\\ } et\e^ 



nioie than one allele pn kk^ m an ^'.^ ^ 
moi rt than two alleles per locus in a hybrid therefore 
car. be .iccomirodatcd b\ multiple nttib of the al^..- 
nrhm. each with a random choice of two allete^ ptr 
incus Con.^qiKiUSy. siandard errors in the case oi aua- 
|, i/ri ,v data tiom lV'a LoC« tend to be very small beca«.M: 
there w<rrc- few !r»-i where an inbred or hybrid sample 
(from * bulk of individual plants; uas scored foi 

tnai" iW' alleles- 

\[.\R^iiAi.i.c/ [IWi iiave drawn attcm.ion toerro-s 

, -M- m ,\, i ■ '->i i r" i-" I n in-iint\ :it r"i'. T SUP' ev^- M'.t-'^e 

aruJ include ::ii^r-'!ni. nail aikirs and D P :n- ei- 
o.:-.;. We rhcrcfoir tnve^.^aird the roba>:nt:» 'd the 
.il.-.r.nth::: bv ex^nanni; use elle t t> of mod :ht:iiioiis .n 
,he <lai.i h, rive hM,nd> ,-7, ^^'v 



,-aistvped daLi. we .suntdated individual and combined 
t atc-ories ot the- data in the tub. id and yll inbred 
lines ;u levels ?r2 t 10. and ^5'7 ofrhe alleles for each 
ot hve Mvbnds and lunin,^^-)..- — ■ ■ ' - 
n :) : jr ^:nallv scored bv the 1abo:au>.> Wc ex.mnned ibe 
cttet of thr^e levels and. f.pr^ of error fo>' three bi^es 
ofd-u;a-,^e: 50 lor,, loci, .md all iVo .>r.nrcd ioc:- 
The same ttve nvbncts con>n^ ^ uli - ,lv - L1L Iil • 
irtlr< l -4:7. ;^V23. "33^. ' t)n :'. mid >04O One o'' ihesc 
hvlvids i^'y) ^ eh.^-ii bri'iiiK onr of iia parents 

t . r . ■ . i 1 i . ijl ^.i - n v. h.r:l tile 

Jul :v.a r.nik ainju»- o^- ...j.- .-.v.. - 

..nioleie -.mcl uiu", ■■tdiVr! da:a in»;:i all SSR I oca were 
i^ed. 

l : \ :ii:: p| c -,nh- ) bi:s:ue- in du :..ce ; t ddiih.>r.al evo: 
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IV A- 1'" 1 ' N 

. - . ..... , t ~;\ ,,ul If)') \<.>a :md .0,1 

ti.i i aiv ii< ■ - ,.,..,,1.,- 

" ii . i ;- IMlh , p: ,U:t^i,al r:xuL,^,l p,,v,,: ,nh«ed> 

I,.. ,,|- ♦>■>'; k uMin< :uh t:-i>-j!»^ — . . , 

, , ;vs> uith ol :>u. mvu. v.. a, .-. ■ 

' " . . .. . ,> M I r.'::"'--.i:v< (if pai-L'i'.r in- 

I If rv ! t tail' Ml il. fjK-*-. • - L 

,. , lp , t .| ,,f .iddhi.-nal ::.!-co:eu ^ 

rv>-fP i T . a ir-ti — J .... , , , , r 

r„. |,vh,ic! jl53«i. Win hot:, aoamoua, 
i.^v^.d ..scored ,:hu^,, >i,m-!.u„d, degradation 
j^^NHtv u, prefer,,.™* rank inbred puren* oc- 
llr tr . ,„-, U Uncb and for o SSR U,0 100^ 
im d 10", U*l> e*"P< 'or i>vb..a 3-V17 w„ e n data u,rn 
1«« <KR loci wer. used. Over »■! five hybrids use of IV0 
"~. v ■'.,nv.-d -..busing from the tue ol 3 0 too; use 
Li further improved robe-.tne* for !b«rhybnj 
t . _ — .-w- r .- la.ifV. Thf degree ol iuipiC%e- 
. w „n -^vnt fV-ir hvbrid >90lv 

, , , .i. . .i :.s> v - P ,1, -^rnrHin - In their prurnni! U> 
We ;:WirjnKt u um)^- - ■ 

( ;L .111' 1 V| - L 1 ' 

„„,,K ri ;l! ,d fuli-siucr ir.brert< of the respect. ve ui- 
'^dpurcnu for each hybrid were- excluded tram me 
ilIl;lh , is 'the remit* are :oo vrf«.m«ou. to P-f^ -re 
hllt c;n> be su.r.marted a. follow: U.n^ - ; 0.,., a 
..andparent of each respective hvbrid ra„k,d uiton.* 
,'r,,- 41 HM) hybrid <; P>'ob;.bil,iics rangr-d rrom 
b': w7 H u, 1.0 and ,„o.. «r* ..hove O.'JOW Other c^c-s 

,, c , r inhrcris derived dircctlv Dv pcdv-«et 
fro.-, .t .raridparem of the respecuve hybnd (OOP J to. 
lV X ontvbrids. inbredi derived diredv by pcrt.grec 
fror^ .rrewndparcn: of the respect^ hj-bnd 
(DGGI" for y'i of hvbnds. ir.d one cl;.ys >.-■•: o! n>- 
bririsi with an inbred ranked into first p\.u.c tha'. ^ 
di.rcdv related bv pedigre* to the great^t-ijrartd^- 
^M.fthut hvbrid. Inbred; that ru.=Ud in sea-nd pus,- 
tl(1 f w,-re related to Uk r«p«ctive p^nt* th- h>^rt 
M follows: Thir^ne (37^ ofl.vbnds. were agrurdpar- 

u. kr-;,-! i ; i a n f -r) were cui?* tC * ^ 
ent oJ the respective lubnd, U i-U c) vt.t • 

OOP 7 lij :-> were DOOP. L 1- ^ l - L : 



DISCUSSION" 

Thr (.reval,-,.. ,u.c of p..*™-..;- .r.diees ,i«„,.-.-i.:.tc. 

t l. „ ..d'.r.'.'U::...- t" "av- expl.nl P' 1 ' 1 ! "' "' 

,„,,,. ,.. chstii.rf ush ^M.r.l-Tdifi,-:.: p 1 ' ' " 
;,., ,,,„ „,„.,, p,„iiks au-raptdhber.-nu.^ 

,,„i , . ,« ,-;>-riivc to Cerate. Fea:ures llr.a -i.^^ 

;< ;1 n ,v ;,„o,7inlonraiiM as to ll'.c ide:,uryor mv.- 
; VlC "rr.Jt«r:val; p.r-.r/. .nrl robuitness ... ihr Hax <>l !:••"»- 

Myi/e; inbred li;^ and hybrids provide , v.o: 

seLof n.atcr,.ls for e^tms the di>crimi:.urM^ .r .l.^s 

' f , ..,,.„. ,i v ., . lPf i 5t:u:sticil pnxedur'> t.h.\i .i.l 
of rrt< «it l ,ii'i.t tu^.i ' L[ * u JUI - r r 

■ f -h-isr OAca H'indrodi of m:u/.c 

^chi diversuvanr.1 ,o^picxt^ ofpedig^e rd;:;^ = ^^i- 

, I. ' .,1,1.. ( HM I - MU'll- 

Soi:-rinh;tfd Un^ din ^ vc;-v u^u.* ^ ^ 

c ,11, Mnnhu Clue ic ihdr ck-U.uiO:, hv.::i c^rnr v!i p 

cn i nv- ipc-ludm^ tiom pJ.:eui.i " ■ ^ J 

. r- .....I. .,.wk- rrl:-.[innsbiD c;u.e-T.-;ni.s s:ic:i ys 

^ sUu . f - or "parem- when a P pli«-d to nu./c nibrrd> - 
a „ v ,-e fcr :» .doser d*«?rcc $ of pedigree relatior.s. ,p and. 
'thus of iCrmpUutn and molecular ,,,-rkc. pronle S ..«u- 
lari-. dur. i!.-, of the cquivak^dv named oi 
r elaao:uhip for r,itnu! species. Mr.st hvlv ,U ;mU 
j:', widdv >n d,r Uitted ^ ^.^j 

blr ur^d iiom pA:rs or mb'^ »*'^ 1 " 
bvUdi^e. cac, inbred pa^nt havi.ig been bred from 
.Jpar.te -pool" of^rrnpla 5m .Vano.^le H Teesofr, ,u- 

cd nrss are poss.ble b«»vecn hybricb ac<-«rdmi to the 
pedigrr^ rehu.o^lnp, :.rno^ their consume... .*bred 

P Vv,' p- f = 0 '-'W in die al-orithn. is more speanc for 

" ,u ,■ P = D r /> However. P = 

identifv iiitr part: ics uu.n i.>.i> s r "■■>■■■ ■• • 

0'JO U levs rob...... for ider.ufying ott^r re.ai.ve>. >..<n 

^ urandparenc. \V!«n the algorith.r. vm run at r - 
0 50, here were 6 hvhrids for wh.ch one parent did not 
anions d^e cop i>vo most probable ^aoe.o«. Fo. 
Ih. .-...ainir.u ^ hvbrid-s the correct, pare,.; , uere .dcn- 



^u.dparcnrs ranked into f.«t ar.d ^roi.d p.«.non S to, 
h im ofhvbrid,); three grandparent* ranked .mo 
f, t „ ihrce ,;osi:,on, for 5 t y"f of hybr.ns-.. There 
w 1 . m r_ .. .. ..viiiv -mii Veti 

- .•, J 1- , - 'Ill r f . I 1 -' 1 I L I I < . „ ■_■ . 1 . ' 

v.'cie no iniv.ifit.es .mKh . 

- ^-^-p-r iwl,u "t^t"^ 

rniV . u lu nked Luto ru-si po>um»: u^u,, ^ - • • - 
Iw'ihrr ot ,m :ukI P u>,.us vank.d i:,,. *e t^P hvo po^- 

- - .,„„mnv ro 7 I v.i irn /' - . J :ic 

Vfii 1 . - ^;.n ■■ ' 1 1 omp'U e».' uj / i ^ 

. .. ..... r t'n i I r rf ! illi'..' Ll'V 

Vt nu.lulv.llFV Ot A .UI-.IIIU;.'-"^ , 

tn- "v.- p"^' M1 - ^ s ' ■ - „;,, 



brcds inviwiaeu >m. 

htcd piiren.s bat ahr, inbred* even more closeK ^Uirea 

_ uf , K mh; , d p! ,H0ft„ hybrid .hn ^ 

H, r , 6 hvbnds whtve a nonpareai .....^ ■ 

n,,,.,,. ..,„ h.«her ranked in ore d was al— utne. 

p. oijenv of me outranked trne oa-n. - 

N [..|.-., ,., ten. of ,flAwdness iMau. <•.>• - 
ut.o.t.pa-M d In pair* P«'-'-.u> and 

,-, ,ke<l :!• I relanvo of nirirue .Mr..,'..'.-, 

— -. " ' .-. ■ . r ,', v: ",i il) . » ii v. < ! \ I- 

m. f M n^'o in ;>.v.Mi. A et»-mviL-i-.:. ... : -, 

,...,,,,,,1.... b, Lv-:.M -nhrvd A a.-n A ^i'"<" 

m;ni^ 1 n -Aii*'!, i .. »l . 
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sr.-. I 



....d. -j... 

"' " , ,'./ i , .• .... „i,i:,.,„ M ,.u:k- 

',\i'rii in 1 ' 1 . . i ,\ 

, ..Kn,,! \ rnllnu the mUud Uwv ot 
Li; jssfS <M p u '...u.ai * 

t >4s A. i' [( \ ^ 

. , , ir!lT>1 i> ^ ;j \io Hi euiiu^n^m v 

, . " .. v, i- ■■ru--<r-^ tm the pavc:^^ 

|,,, ; , t ru „kin*c:..-.did..e inbred .,.»«. Us.- ot in, al, 
;., uu , r P - 0.9* fcKrcwc* both the percent:^ o* 
hvU uiO- bo.h parent .anked in the ^ Z 
ti „, is (fmm 39 to i and the percentage of P^"«** 
h e- , ha: w*c ranked to: and second ,:ron, 04 to 
Q3%; Two hvhnds i.iOi-t x.-.a, ui~ i . 
. ... 'r:it l kwl fiisi And second who:) Hie a.go- 

r p _ n tjo For both ot Lnrrsr u> ^r.^ - 

thr mmpMcntol inbred in^ oiunu;«:u u., - r - - ^ 
^ ^.U xvvo&'.clh) prcl^ee the »nu: pj: U - 

^ ' . . it.- ,i r i, ,--l-.-r- .^rS 

_ . . .u.. M.,i.rAt n^-irieru 01 u:U:j'Jr.sn:p 

£m th« p«cn. of the hybrid and the mbrcd du. 
ol „ n , W that parrtu for -hr>e two hybr.cU w„ ll .-o. 

R„ b0 M^« tested !>•• evaluating the cflCCLS ot uv 
m , dam from difTeretu xuubcrs of lor.i and by «mul^ 

t0 ,:omb,::eci levds of Jr c error b^o.*i that -h.c.n^ 

nnivided nvrJic- ai>'i.ui..i^. h---- 

rar, of 3 to 10% can oemr in SSR profilmgot matt* 
dueC h. e flv to -J« combutrd effcc«.5fr«id W J hetevon-- 
, osin ,r,>in.. seed lot, ,nd bv dcrtci^cie, in d* ^>'% 
of b cl ,ro^^.„ in hvbnris. Th, ^di.,,..«l lod^ot 
4 inu.b;fd therefore. in<:lt.d«- v.lu-s up to 
t ot,l error, that .«,• -U outsidr „f oar «P^»«- ^ 
five hvbnds that were earned, incr^m,; the nu.nhtr 
of tori from 50 to 100 (uilh no add.lio.Ml rr..^.:>! o. 
ml5 ,,; ja ,l data-, did ,edu,c- the number ot tnstinetr, 
X,,- lr ,h,,:ds th.,. u,rc m>t parent* of .t hybnd ot.«- 
nmked tbe true parent front four to Noo«h«,^ 
a ,!o f ,»^,,<, e hiHb'v .a.,U t d ; ,bred V tho U5 ) , 



, k ,„ .-,■,■„,, T..I.U- U's." -I d=t.i. !""-n 

, - .^un-; adrliii-.n.il L... .> 

^::"'"l''..'I-;vr. u^f-l^lvmn IW l.-ci w,. lU ;...bit. to 
L'.^k-.-Cv:,^ ,...,:..m:^ ftkcM.I 

. " ,-, i,„. v gi,'.*. iesel .->f aa.lUiiur.il ;jo<.t a.u,. 

fl'll't | I ,11(1*. W'' 1 - »!■ 

c , ... .i , .,.1-.T (( |;uth<:lM:c piurti. 

,'f ,i„. hvlind o.ilniofcefl '-lie t-iic paiv.tt Il=; '•' ! 
ivc'h'vhtiHs. LeveS of missitv; or mirrored da-^hM-Irr 



i here t<> iv. be kc|.»i i^i 1 -^ 



:V .10% ,rior in .h« d.^ ^ ^naK/ed prior lu >u^u..ttf^ 
idcliiitnia! error?. ^ 

bredi thV.4 ranked into the first two position, ^en 

th0 .-u, parents .ire rcn.oved from d»« btot «ndicate 

inbtcd'llnes. Usually, direct p^gc-ny or full m^o 

die true P^miis th-it rank mob, ^vd> - t> 

, t. v ,i of, k ^Pvarr.it\cdUie^nUni:^^t |llh:LCb 

.^-MUCCLi. V>1. im.n.iu<v ■ '" ... i 

uith respec-t to their mrkin S ;«.d probab^iuy or uuaas*,. 

i,, Ph- a n<-f«,v of .-af:. h>t>u.t -i"'-' ' inuv ' ; 

o,lvufthet:-aep. 1 .,-nis.b,:,.,:iv 1 ot:: 1 :.M'-'^''>- i ';; | 

t[ parent-; and ;iw lull sisn-rs oi t;ie u. ui . k>-;- - " 

u -" v i,-..,.-..,u, ni'-hr hybrids an: 

rant ed prcdo.ninantlv into top positions, U«u S ^ J 
0* 5 o , Aundpjirent ranked into first potion for -o-, 
hvh'rids'and into second position for 57% hybrid.; with 
p. 0 ^ a -.anrioareii! ranked into fir« ^" 
of i.vl-nds. \t ? = 0.^0 nvo V ....dparcr.fi ™ked 
fivsi M\d second p<^Li-.M^ tor 4.. c npu- 

Firm Over positions tor an 'aaaiavt.ai - 

of'.h, rcmatouv^ inbred., that ranked into the top **« 
p.widons w^rr proge.v of the grandpa^ t. A * « 
f 0 S aratrdparcnu .anked into the top five 
,.. l en ^ 0 mr.ked into diese pi-siuons when /• 

0 :,o Scv.nr.-one gnndpurc.us ranked. ,no thr top l»o 

fh«c po,.aon, -.vhen P = 0.99. Tl-.r -ear, P«.-b >» ^ 
of a grandparent in the top rwo ^.uons^...^ 
( ,D 0.1434. when P - 0-50 and 0.M*> (SD «Wi04, 
; ; hr „ p = D.uc,. Our algorithm w« "nti*" » 'denur^ 
p: • , of anre.tor,: a. K m a t iv, ^^--^ 
U.red to identify all grandpa :.b ov.ll p.. ;1 nli ..... ^ ^ 



^ ^renuTable 2' Consequently, it vneh de^ts of 
e'J'ran be tolerated in rcspectofpedigrm fonnbred, 
th , t identified as parents oi hvbnm. then SbK ^ata 

iron 'v» len.i wi ^-t^ ■ — 

, u fn. ien, L'*: of data fro... *> V.ci al,, -^» - -o; 
b„,n-s, „ .he fare of up ... HV> add:konal l,.e > >• 
e-.he: m;s S i.. :i or m-cored data: an rlegrada::..- ..t ...e 

.OhIiiv r; hK.hI,;- ap-c^: w.i, aup-.r. "'f l ' ; -' " ' 
l n^; l dd:. ! .«-.J error exee.« for l.i 1 --.:Mld.t..M.Al:np--'! 

.„. (1 mliW .vred .■.iie;,, ii.. ^-'"^ '••• > -' 1 \- 

. . , , 1 i i i , ■ i - • ■ >( 1 1" : : S ' K 

.... j 1 1 >> i >c> i! ii. : l '.- i- ' r 
t k;\*i ■'.<.■: ■ ' ■ ... 

....... i.. ,-■<,. it . Iff ' .0 -' ' 

- , , . ^ ' < ' i ...i- i r. »i ^rL't [3.1ft 'ir> ' ^ ( ' : 



U'e have demonstrated the capab.l.tv ...id rohv,,. ess 
„f an ai™ -ifnm thai can be used to <l,«v proh .b. ,tv nt 
^.ntaV in drc-a.^nces ^ the « r - P^:re 

■ , , ,...nl I,: I l^i .|i I' *. lu'i 1 -■ _ 

K lent.tv oi ne.tr.erp.u, " ,. „ 

in:o acrount. th-erebv ailrav,,-..; p,ueo.,_, to . 
even >vhen the two parens are not repented 

„-o,*.t» C.ndick.ie parent cu- be ... . o n.nod 
The .mmbe: .fK-e: rim .s nece,^ p, ode ■ 
■„ ilsi , ..id.''.- .i.:u'u;-d.:... - 1_ 

ci- *': i'v OT '. »mv. - - • ■ ■-. ( 

' " , iiuv-iT-iruiur, ,h t iavt4:^'^.ivWM ^^t^ 
j, : i '. . 4 i L.n ' • 'ot 1 v ■< 1 ' • 1 1 ■ 1 ^ 
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n. 



t: i nn. 



. . , ( on . ( " = 0 lH > oni'ioarctl 10 



. ...... -i'tm'ip 1 i:^ i - ;nu 



hit; .LNMirilH I i\\M til*; 

t : |. , .. I i c i , .1' i nhl ivK tilt. 1 t 
p,LI i; I 1 1 < ' ■ 14 — ' , , ; . ..... 

. | ,<, tr . n ;j ■= D.fiu siioiiUi bf u>lu. 

, ;„ r ii .;,t r .,k nf ni-.ru o- .v.itn-'.il 

P ■ ■ , ^- of scrc^untj alleles ;u mciiv.tl- 

a^miloci,..d t h«pvo«d e as,^ l ^H.po^. t 

of ,uiUhte rcokcuHr protile data are Jnady av.^b * 
:d,,e,nc^n gra p,dU ; ,U 1 d, : - :f ^ 
i -m-u nnlv"'onD v Msm< Otu j turn* . • app.^--^- 
, ■ .<-_ - *r in rht? orotettion ot llUtUH.U.a. 
p'rooercv that » obtu.ned on plant voncw. or up,:, 
spedfic dam* orsirc, of animals ihron?n tnc u^n— 

LlTF.RA IL'R-F- CI TK.D 
^[.ntH.snK. L. n , l (-.i n- i i"i i r " 'it' bird He "Ji'"^'- 

Bt,: \ V "^-l— K i IT,.., „ due to — ,d 

\tk. iTXii- . , i ill. 'IMS- ••'Ml 

BlRRV. D. A- 1 * ™ " ' 

Bdmo.u.CV |n , tM . cn<: ^ iac ^ tl rti.,puit,l 
B^uv. D and !>. C,ti, : UR. I- .j h X[ H 

lUlcrmlv pp. ' r . j , K ^ DVSL . U,k:v rv.l>U.f:::V4 

JtOttOOf. V t. nr. vHh R., aim , ^ 

Ne.vYorl; I U;elihn^^ 

BocKf.1. B.. P .xi-R-'.u*.!*'- ^ * u n,li,s. Am )■ Hum. 

l ,„ lu i , rr . 1 ,„, C,!„ ,™, S 1Sn ..,.. .va. . U n ^ s . 



i . . li.-i'n.iU t, > it' ';>i. 

t,""- k ' ,;i;:t ' l,,,, - LK - .. r y. ... :v r ,.,l 11 V 

l.rr - nu.i-^U' !• , % , k .,. )> , ,- l 

i ' \. ii' "i i*. .Hi.: . I 1 

\ , M il\.»> hi rlis>Ulcl p.n^.l.rM: UK ■«> ■' 

Vl\Mi;!i ^. I 1 ■ . 1.1,,.,, .,.,1 i '\t-'\ 

"" ' .. . r - , , t r ^ . . lt(1 ,^ ( ,, ,, I r . I i . 

i " . i pi .■• i ■', 11 ■ ' , -i J p 1 ',' i ■'■ f. pj\ ( ; 'i 1 ■ 1 

t ,., v% i> v |i>i-\>min C. bvjuiv .mill ff-i' 1 >r 



.1, ,,-..-H l->'»i-'"N 



i:..:-:.:.:. , '-'--vvf ,, : l w.:. l, rr:'t i ; 

rt K. ii DO">.'l i' ; ^rK. M:>t. Ecnt /:ujJ-d?;j. 

_' , : '„. i. ii.HkT.'IV IVilllifi .1 l,ni1 ' Jl K ! 

. v 1 K.. — ■*. ..,„.,.„ 

4 ;;:;;;;if^,, w ^nrn/u.r t ,;iu p.,.-.,. - 

.. ^ v T:-..VIM1\ l'.t>'> The: tCi.-U^.M- ' - 

MKU ^ » " " ■ i • ,.1;:,-,.,.'. ,f, ■■- '.:Al'-';. 

,: ti ,.|, t , tl -:-.. ^..--w. I';-;-';:; 1 ;-'- ^ 

... i .7-, .V'.urii^ bicctl.:.', oro-r;..:^ !o. ^ J ( ; 

^ Lli ^,, s--- ( ^-;;^ ^l; pf^s^. 2,0, ti, o 1( c 

did i"H ;:ct .^-i- ncJ...«u..i ( . 'p. . p So .. 1.,,-ul 

H Kml Sti. 267: l«V.)'i-17-i4. . . h 

u,,-,.; nv.i ii'iiitii ^'M.ivpr.s, Nail- ^ - ^- 

Smith. |. > l 1 * ' : . , ^ \ CtC \ -, s ,n, )lcc -il" iiut,-^ 

:,a'pJis4. -n-- v M...« ; ^cv 95: 

smk^.vh.v^: R,..u,«h,t^ 3 Lv. .^ i-^ ulll ,,, : , ( , 



nuv ^,^,u: iW^vu^ ^.1^^ . n. P ^, Hvir ^ b0 -„-^l ( , (/ » 

w m v - - - ■ - . 1 f h « 1 * ~ r — 1 * p 1 1 : 1 w * -"■ 1 " null i.> 1 ■ * . . - . * ,*<>,i(i-iii'ii*'' , r>i mil 

Ei.i.-> rii.\M>. l.. * u " ' 1 ■■■; , ,, 

wild :a-..,'- " •'• v: ' 
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providsd'to fulfil! Patent Office requirements. 



The American Type Culture Collection (ATCC) n: 
application for patent The followirg information 

Name and Address of Depositor: 



Deposited on be'naif of: 



Date of Receipt of Seeds by the ATCC: 



grigntific Description 



Pioneer Hi-Bred Ir.te'natlcra inc. 
Attn: Kim M. Hagerr.ann 
7100 NW 52 nd Avenue 
PO Box iOC0 
Jcnnsion. in 5u ■ ^ i 

Pioneer Hi-Breci International, inc 

t ,h7 R ?.0C2 
Depositor's Reference 



DOCKETED 



H , \ ^ A V ,*. 



n t, r-\ . t* nnrlnrntmrt 

^aient uepusu.. ljeo 'a ,t "'-'~u 



Inbred corn (maize; seed [NVV9S5TG RP; 



PH5TG 



PTA-452& 



, ^ r 3 hf^rs* a ii^er sxcress or impJiea, to infringe the p^ent. 
, i he deposit of these seeas does not grant a J- n f - - g p ^ h express or ; np , ied , to infringe 
and our release of these seeds to others does no: g-. an. Jiem a ^e, ™, 

the patent. 

* ^ et ™*H Hi-rin" the emotive term of the patent, it snail be your 
2 If these seeds should die or be destroyed dunn ™e*-u responsibility to supply a 

resconsibility to replace them with nving seeas of the wme t,pe. V 
sufficient quantity for distribution 'or the deposit ,erm 

. . . _ in r.r>nsiriftration for a one-time service charge, not to 

^t^offioe" After a relevant patent issues, and we a re ^rucwu w — - ■ — 

available for distribution to the public without any rwtnoons. 

. n P , p ™ v-n deo^si* da*e or 5 years after tne most recen: 
a t _ r ^ s v- n-^ntah rhe seeds for a peroc o' 30 ye*?. - ^m a«p^i. Jd.-. ^ / 

request for a sample, whichever is 'onger. 

We wi.l .nfcrr. you of requests for the seeds for 30 years for, da* of deposit. 
The seeas were teste; J u!v 16. 2 QC2 3rd were viab'e. 



^rr.er Tyoe Cu tL'e College" 



i _ 



b v in — * — L 



Mane hams, Patent Spsc^ist 
ATCC D 3tent Depository 



Received from < 515 334 6883 > at 10128102 3:41:01 PM [Eastern Standard Time] 



